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THE PUBUSHERS BEG LEAVE TO CALL THE ATTENTION 
OP THE PUBLIC TO THff POLLOWENQ UNSOUCITED NO- 
TICES OP THE ELEMENTARY GEOLOGY, FROM GENTLE- 
MEN EMINENTLY aUALIFIED TO JUDGE OP ITS MERITS. 



I From Gideon A. Mamtell, LL.D. F.R.S. F.G.S., &c. &c. London, 

I Author op the Wonders op Geology, Ac. 

> " I have obtained a copy of your Treatise on Greology. It is an admirable 
wofk. It has been my carnage companion for some time." 

From Prop. B. Sillimin, LL.D. op Yale College. 

" I am greatly in fault in not having answered your kind letter of Aug. 
90th. with a copj of your valuable work on Geology. I took the work wim 
me to the west m the expectation of looking it over : and although I fidled 
to read it satis&ctorily, I glanced at it enough to convince me of its high 
valaei and shall recommena it in my Lectures." 

From Prop. J. W. Webster, op Harvard University. 

" I have just received a copy of your * Elementary Geology,' fi>r which I 
beg yoa to accept many thanks. 1 am thankful that you have found time 
to present us with so excellent a view of the science, and shall recommend 
•he work warmly to the class attending my lectures. 

From Prop. C. Dewey, op Rochester, N. Y. 

" I introduced your Geology into our Academy. Part of it is hard reason- 
ing for minds not^ pretty well matured. Still it is so vastly better than any 
thing^ in the English language with which I am acquainted, Uiat I boast 
over it It is admirable for the College course." 

From Prop. Henry D. Rogers, op the University op Pennsylvania." 

" I thank you sincerely for a copy of your work, and yet more for present- 
ing us with an Elementary Treatise on Geology in a form so well adapted 
to the wants of instructors. Having for several years post folt the want of« 
just such a book for my Class in the University, I hailed its appearance 
with real satisfaction." 



From Prof. W. W. Mather, Geologist to one op the Districts op 

N. York, and to ti^e State op Ohio. 

" I have examined your little work on Geology with much interest and 
Satisfaction. It presents a large mass of matter in a small compass ; is lucid, 
condse, and its materials are arranged in the most convenient form for the 
Btndent. It seems to form a happy medium between the more elementary 
books for sohools, and those for the more advanced students of geology. Its 
copious references to various works on geology, will be a great advantage to 
Uioee who chooee to go to the original sources and dive £eper into the va- 
rions subjects diseussM." 

From Prof. J. W. Bailey, op the Military Academy, West Point. 

" I have recently perused with much ^easure, jour Ellementary Geology, 
and consider it a most valuable contribution to science, and hishly creditable 
to yourself and our country. I am glad we have such a work to which to 
refor students. If I had know of your publication sooner, I diould have 
•dqited it as oiir text book : but the Class had already provided thenuwlvee 



wMi LjMlliiPOrk. Iikftni«ooiBafliidlli«do|ilionB»t7ear,ifMuaImoit 
<«ifUm, I mMt wkh BO wofk in the mean time better muted to onr peaOiar 
wwile at tliie Inetitvtioii.'' 

Fbom Prof. C. B. Adams, of Middlebury College. 

*' Your elementuy book on geology has aflorded me great pleasure ; and 
I hiiTv, since oar Catalogue was printed, adopted it as a text book.'' 

Hke following noHces of the work, from among the many that hofoe appeared, 
have been sdededfrom seme of the leading periodicals of the coimtry. 



From the American Journal of Science and Arts, for October, 1840. 
<' The readers of this Journal and those who know the promss of Ameri- 
can Geology, are well aware of the important services Prof. Hitchcock has 
rendered to this branch of science, through a period of many years, both by 
his laborious explorations and his written works. In the present instance, 
he has attempted to prepare a work which shall fill a vacancy long felt by 
the instructors of geology in this coontrjr, a work which, while it gives a 
good view of the progress of the science in other countries, draws its iUus- 
Srations mainly firom American facts. From the rapid glance which we 
have been able to bestow upon this performance, we should think that "Prot 
Hitchcock had snoeeeding in imparting this feature to his book." 



used as a Text Book for classes in geology, in Colleges and other Semina- 
ries of learning, and also, to supply me wants of the general reader, who has 
not the leisure to study the numerous and extended treatises that have 
been written on different heads of this subject. The plan of it, we think, n 
admirably adapted to the first of these uses, and nearly or quite as well suited 
to the second.'' 

From the North American Review, for January, 1841. 

" Professor Hitchcock has been too long and favorably known to scientific 
men, both of the new world and of the old, to make it necessary for us to 
say, vnth what ample qualifications he undertakes the task before him. His 

I work is no * secondary formation,' based on the published works of European 
\friters, but in every part bears the impress of acute and original obsenr*- 
tion, and happy tact in presenting the unmense variety of subjects treated in 
the following Sections into which the book is divided. 

*< The fifth Section is devoted to Organic Remains. It occupies one fourth 
of the whole work, and is illustrated with the best cuts in itebook. We 
venture to say that there is not in our language so neat and compressed, yet 
so clear and correct, an account of the * Wonders of Geology.' " 
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PREFACE. 



In preparing this work, tHree objects have been kept princi- 
^Uy in view. The first was to prejMure a Text Book for my 
Classes in Qeology : the second, to brine together the materials 
for a Synopsis of Geology, to be appencted to my Final Report 
on the Geology of Massachusetts, now in the press : And the 
third was, to present to the public a condensed view of the pre- 
sent state of geological facts, theories, and hypotheses ; esp^ 
cially to those who nave not the leisure to study very extended 
works on this subject. In its execution, the work oifiers from 
any with which I am acquainted, in the following particulars. 
1. It is arranged in the form of distinct Propositions or Princi- 
ples, with Definitions and Proofs: and the Inferences follow 
those principles on which they are mainly dependent. This 
method was adopted, as it long has been in most other sciences, 
for the convenience of teaching : but it also enables one to con- 
dense the matter very much. 2. An attempt has been made to 
present the whole subject in its proper proportions; viz. its 
facts, theories, and hypotheses, with their historical and religi- 
ous relations, and a sketch of the geology of all the countries of 
the globe that have been explored. All geological works with 
whi^ I am acquainted, either omit some of these subjects, or 
dwell very disproportionably upon some of them. 3. It is made 
more American than republications from European writers, by 
introducing a greater amount of our geology. 4. It contains 
copious references to writers, where the dmerent points here 
briefly discussed, may be found amply treated. 5. it contains 
a Palaontological Vhartj whose object is to brine under a 
glance of the eye, the leading facts respecting organic remains, 
whether these peculiarities of the present work will be regarded 
by the public as improvements, important enough to deserve 
their patronage, time only can show. 

Type of two sizes is employed in this work. The most im- 
portant principles, facte, and proofs, are in larger type, to call 
the special attention of the student or reader : while many of 
the details and remarks are in smaller type. The subject is 
subdivided into the following heads ; whose abbreviations will 
not need explanation : viz. Definition : Principle : Description : 
Inference: Remark: Proof: Details: Illustration, Where an 
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inference depends upon several principles, I have added a S3mop- 
sis of all the proofs on which it rests. 

In Europeian countries especially, and to a good degree in 
our own country, geology has become a popular and even fash- 
ionable study. In most of our higher Seminaries of learning, it 
is explained by at least a course of lectures. But in Institu- 
tions of a lower grade, it receives far less attention than its 
merits deserve. Why should not a science, whose facts possess 
a thriUinj^ interest ; whose reasonings are admirably adapted for 
mental discipline, and often severely task the strongest powers ; 
and whose results are many of them as grand and ennobling as 
those of Astronomy itself; (such Astronomers as Herschel and 
Whewell being judges,*) why should not such a science be 
thought as essential in education as the kindred branches of 
Chemistry and Astronomy ? That all the parts of this Science 
are not yet as well settled as those of Astronomy and Chemistry, 
is no objection to making it a branch of education, so long as 
every intelligent man must admit that its fundamental facts and 
principles are well established. 
Amherst College^ 
Aug. 1, 1840. 



THIRD EDITION. 

In presenting thus early a third edition of this work to the 
public, I will only say, that I have done all in my power to in- 
troduce into it all the important discoveries and improvements 
which have been recently made in the science. 

To enforce still more strongly the remarks of Dr. Smith, in 
the unsolicited Introductory Notice of this work which follows, 
respecting the importance of an acquaintance with Geology to 
the minister and the missionary, I will quote a few sentences 
from the letters of two esteemed missionary friends, now in ac- 
tive service in distant lands. Rev. Justin Perkins, American 
Missionary in Ooroomiah in Persia, under date of Oct. 1, 1839, 
thus writes. 

" Did not my missionary work press upon me so constantly, 
and with such mountain weight, I should feel strongly tempted 
to study geology, (of which I know very little,) so wonderfully 

♦ " Geology, in the magDitude and sablimity of the objects of which it 
treats, undonbtedly ranks, in the scale of sciences, next to astronomy."—- 
Sir John Herscheh 
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interesting, in a geolo^cal point of view, does the face of Persia 
appear to me. Indeed, I often feel that this interesting and iia- 
portant science has peculiar claims on American Missionaries. 
Visiting, as they do, all portions of the world, they enjoy oppor^ 
tunities of contributing to it, with almost no sacrifice oi time or 
e^ort, which are possessed by no other class of American citizens. 
I know not that 1 can bettar atone for my own deficiency in this 
respect, than by requesting you, in my behalf, to urge upon the 
missionary students in College, the hij?h importance of their ob- 
taining a good practical knowledge of geology and mineralogy, 
while attending your lectures, as they would enhance their use- 
fulness, in future life. It is the combined light of all truth, 
scientific^ as well as religious^ which is to render so perfect and 
glorious the splendor of millenial day !" 

Rev. Ebenezer Burgess, Missionary at Ahmednuggur in 
India, writes under date of Nov. 1, 1841, as follows: 

" Did I possess an intimate acquaintance with mineralogy, it 
would be of great use to me in going over the country. When 
we go out to evangelize, it is very pleasant to be able to geolo- 
gize and botanize : and such abilities render our trips far more 
subservient to the preservation of health. I think students err 
very much in not aevoting to your department (in College) the 
full amount of time which is allotted to it in the course of 
studies. Perhaps they do differently in these days of reform. 
Every individual, who has a moderate ability for such studies, 
could with a little system and resolution, and without detriment 
to his other studies, acquire that knowledge of these branches 
which would be of great value to him in after life, especially if 
he intends to be a missionary. There are times when an ad- 
ditional source of relaxation or amusement is worth just about a 
man's life. There is now an individual connected with this 
mission, who has been raised from a state of great debility and 
weakness, by turning his attention to botany and mineralogy : 
at least, such appear to be the means whith God has used. Of 
all situations, the missionary in heathen lands most needs plea- 
sant sources of relaxation. When his mind sinks to a certain 
Eoint under discouragement, or the weight of responsibility, if 
e has nothing with which to divert it, it begins to prey upon 
itself; and then there is no remedy but to leave the field." 

Amherst College^ 
Apl 1842. 
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INTRODUCTORY NOTICE. 



BY DR. J. PYE SMITH, OP LONDON. 

In a manner unexpected and remarkable, the opportunity has 
been presented to me of bearing a public testimony to the value 
of Dr. Hitchcock's yolume, Elementary Geology. This is 
gratifying, not only because I feel it an honor to myself, but 
much more as it excites the hope that, by this recommendation, 
theological students, many of my younger brethren in the evan- 
gelical ministry, and serious christians in general, who feel the 
duty of seeking the cultivation of their own minds, may be in- 
duced to study this book. For them it is peculiarly adapted, as 
it presents a comprehensive digest of geological facts and the 
theoretical truths deduced from them, disposed in a method 
admirably perspicuous, so that inquiring persons may, without 
any discouraging labor, and by employing the diligence which 
will bring its own reward, acquire such a knowledge of this 
science as cannot fail of being eminently beneficial. It is no 
exaggeration to affirm that Geology has close relations to every 
branch of Natural History and to all the physical sciences, so 
that no district of that vast domain can be cultivated without 
awakening trains of thought leading to geological questions ; 
and, conversely, the prosecution of knowledge in this depart- 
ment, cannot fail to excite the desire and to disclose the methods 
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of making valuable acquisitions to the benefit of human life. In 
our day, through every degree of extenflhreness, from the peram- 
bulation of a parish to the exploring of an empire, travelling 
has become a " universal passion," and action too. Within a ! 
very few years, the interior of every continent of the earth has . 
been surveyed with an intelligence and accuracy beyond all ex-] 
ample. Who can reflect, for instance, upon the activity now so 
vigorously put forth, for introducing European civilization, the 
arts of peace, the enjoyment of security, and the influence of the 
most benign religion, into the long sealed territories of Central 
Asia, and not be filled with astonishment and delightful anticipa- 
tion ? Similar labors are in progress upon points and in direc- 
tions innumerable, reaching to the heart of all the other vast 
regions of the globe : and the men to whom we owe so much 
and from whom so much more is justly expected, are geologists, 
as well as transcendent naturalists in the other departments. 
Whoever would run the same caoeer must possess the same quali- 
fications. Even upon the smallest scale of provincial travelling 
for health, business, or beneficence, acquaintance with natural 
objects opens a thousand means of enjoyment and usefulness. 

The spirit of these reflections bears a peculiar application to 
the ministers of the gospel To the pastors of rural congrega- 
tions, no means of recreating and preserving health are compara- 
ble to these and their allied pursuits ; and thus, also, in many 
temporal respects, they may become benefactors to their neigh- 
bours. In large towns the establishment of libraries, lyceums, 
botanic gardens, and scientific associations, is rapidly diffusing a 
taste for these kinds oJF knowledge. It would be a perilous state 
for the interests of religion, that "precious jewel" whose essen-- 
tial characters are << wisdom, knowledge, and joy," if its pro- 
fessional teachers should be, in this respect, inferior to the young 
and inquiring members of their congregations. For those ex- 
cellent men who give their lives to the noblest of labors, a work 
which would honor angels, " preaching among the heathen the 
unsearchable riches of Christ ;" a competent acquaintance with 
natural objects, is of signal importance, for both safety and use- 
fulness. They should be able to distinguish mineral and vege- 
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table products, so as to guard against the pernicious and deter-, 
mine the salubrious ; and- Tery often geological knowledge will 
be found of the first utility in fixing upon the best localities for 
missionary stations ; nor can they be insensible to the benefits 
of which they may be the agents, by communicating discoveries 
to Europe or the United States of America. 

To answer these purposes, and especially in the hands of the 
intelligent and studious ministers of Christ, this work of Pro- 
fessor Hitchcock appears to me especially suited. Though I 
flatter myself that I have studied witK advantage the best Eng- 
lish treatise on Geology, and find ever new improvement and 
pleasure from them ; and have also paid some attention to French 
and German books of this class ; I think it no disparagement to 
them to profess my conviction that, with the views just men- 
tioned, this is the book which I long to see brought into exten- 
sive use. The plan on which it is composed, is different from 
that of any other, so far as I know, in such a manner and to 
such a degree, that it is not an opponent or rival to any of 
them. Yet, in this arrangement of the matter, there is no 
affectation : all is plain, consecutive and luminous. It is more 
comprehensive with regard to the various relations and aspects 
of the science, than any one book with which I am acquainted ; 
and yet, though within so moderate limits, it does not disap- 
point by unsatisfactory brevity or evasive generalities. Such 
is the impression made upon me by the first edition of the 
"Elementary Geology," and I cannot entertain a doubt but 
that the ample knowledge and untiring industry of the author 
will confer every practicable improvement upon his proposed 
new edition. 

I received a deep conviction of the Professor's extraordinary 
merits, from his " Report" upon the Geology, Botany and Na- 
tural History generally, of the Province of Massachusetts, made 
by the command of the state government ; a large volume, 
published in 1833, and the second edition in 1835: and from 
his papers in the " American Biblical Repository," which were 
of great service to me in composing a book on " The Relation 
between the Holy Scriptures and some parts of Geological 
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Beience." But I did not till recenily kaow that lie was a 
*' faithful brother and fellow-laborer in the gospel of Christ." 
An edifying manifestation of this, it has been my privilege to 
reeeive, in Dr. Hitchcock's '' Essay and Sermon on the lessons 
taught by sickness," prefixed to << A Wreath for the Tomb, or 
Extracts from Eminent Writers on Death and Eternity." It 
is my earnest prayer that great blessings from the God of all 
grace may attend the labours of my honoured friend* 

J. PYE SMITR 
Homerton College, near London^ 
March 16; 1841. 
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A GESmtAL ACCXyUVfT OF THE CONSTITUTION AND STRVOTtTRB 
or THB^ BAftTff, AND OF THE PRINCIPLES ON WHICH 

ROCKS ARE CLASSIFIED^ 

Definition, Geology is the history of the mineral znassei 
that coBSpose the earth, and of the organic remains which they 
contaia. 

Remark U Some wrilen divide Qeology into two branches; 1. Cfeog" 
nosyj or Positive GMogj, whicli embraces only the known fiucts of t£e 
science* 3. Geogowy, or Speculative Geology, which attempts to pmni 
out the causes oi those fiicts, and the inferences that result from theoK 
See VraUe Elementaire de Geologie par M, Rozet: Discowrs PriUmir 
noire J p. V. Also^ Diet, Classique £ Hist. NatwreUe : Art. Cfeologie, 
Others make three divisions. 1. Physical Geography. 2. Greognosy. 3. Uo' 
ogony. See Elements de Geologie^ par J. G. OmMius d? Hauoy^ p. U 
Others embrace ail legitimate' meory under Geogony, and confine the 
hypothetical part of the subject to Geology. See Tableau des Terrains^ 
par Alexandre Brongniartj p. 2. But these distinctions are of little iia- 
portance, and not much used by English and American writers. 

Rem, 2. A very philosophical and excellent division of Geology is pro^ 
posed by Professor Whewell. 1. Descriplvoey or Pherumieruu Gcobgy, 
embraces l^e &cts. 2. Geological Dynamics gives an exposition of the 
general principles by which such phenomena can be produced. 3. Physic 
cal Geology states the doctrines as to what have been the causes of the 
existing state of things. History^/ the Inductive Sciences^ Vol, 3. p. 488, 
London, 1837. 

Rem. 3. A division of geology of some practical value is the following. * 

1. Economical Geology , or an account of rocks with reference to their pe- 
cuniary value, or immraiate application to the wants of society. 

2. Scenographicai Geology, or an account of rocks as they exhibit them- 
selves to the eye in their general outlines : in other words, an account of 
natural scenery. 

Observation, With the exception of vegetation, natural scenery is all 
produced by the rocks that constitute the surface: and the geologist 
can oflen determine the nature of rocks by the peculiarities of their great 
outlines. 

3. Scientific Gedlogyj at the history of rocks in their relation to science, 
or philosophy. 

Def, Every part of the globe, which is not animal or vegeta- 
ble, including water and air, is reearded as mineral. 
. Def, The term rockj in its popular acceptation, embraces only 
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the solid pa^fs 'c$ the globe : but in geological language, it in* 
eludes also 1:h& loose materials, the soils, aays, and gravels,-— 
that coveS'/Ay solid parts. 

PrinSipJik * The form of the earth is that of a sphere, flat* 
tened at &e poles : technically, an oblate spheroid. The polar 
diaibeter is aoout 26 miles shorter than the equatorial 

. 'I^oqf 1. Measurement of a degree of the meridian in different lati- 
. .t(|de&. 2. Astronomical phenomena; particttlaily the precession of the 
/ . %£^umozes. 

*•;*. Inference. Hence it is inferred that the earth must have 
. , Ibeen once in a fluid state ; since it has precisely the form which 

a fluid globe, revolving on its axis with the same volocity as the 

earth, would assume. 

Prin, Taken as a whole, the earth is about five times heavier 

than water ; or 2.5 times heavier than common rocks. 

Proof 1. Careful observations upon the relative attracting power of par- 
ticular mountains and the whole globe, witfi a zenith sector, ll. The disturb- 
ing effect of the earth upon the heavenly bodies. 

Inf. We hence learn that the density of the earth increases 
from the surface to the centre : but it does not follow that the 
nature of the internal parts is different from its crust For in 
consequence of condensation by pressure, water at the depth 
of 362 miles, would be as heavy as ouicksilver ; and air as heavy 
as water at 34 miles in depth : whue at the centre, steel would 
be compressed into one fourth, and stone into one eighth of 
its bulk at the surface. Mrs. Somerville^s Connexion of the 
Physical Sciences, p. 91. Fifth London Edition. 

Description. The surface of the earth, as well beneath the 
ocean as on the dry land, is elevated into ridges and insulated 
peaks, with intervening vallies and plains. Rozet, p. 86. 

Descr. The highest mountains are about 28,000 feet above 
the ocean level, and the mean height of the dry land does not 
exceed two miles. De la Beches Manual of Geology^ p. 2. 
Third Edition. 

Details, The height of a few of the most elevated mountains on the 
globe is as follows : See Encydopadia of Geogra^Wf Vol. 3. p, 605. 
• Himmalayah Mountains, K Indies, 27,677 feet. 

/ Rocky Mountains, 12,000 " 

' MounaKea, 18,000 " 

Chimborazo, Andes, 21,000 " 

Ararat, 17,700 " 

Mount Blanc, Europe, 15,668 " 

Descr. The mean depth of the ocean is probably between 
two and three miles. De la Beche^s Man. Geo. p. 2. It has 
been calculated from the phenomena of tides that the Atlantic in 
its middle part is above nine miles deep. PhiUipis Geology^ p. 
23. Edinburgh, 1838. 
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Inf. '■ Hence it appears that the present dry land might be 

spread over the bottom of the ocean, so that the globe should be 

entirely covered with water. For nearly three fourths of the 

surface is at present submerged. i 

Obs. While the great lakes of North America axe elevated some of them evei^ 
600 feet above the ocean, some of the mlaiid seas of Asia are sunk below its 
level. It seems to be at last settled that the Casjnan Sea is 106 feet below. , 
the Black Sea. JbyeWs Principles of Oeology, Vol, 1. p, 267, Second Amort- ; 
camy from, Ihe ^sUh London Editixm^ Boston, 1843. The Dead Sea m* 
Palestine is soxk. still more below the Mediterranean, as nmnerous obser- 
vations ptove : but as they are all barometricsJ; they vary exceedingly, from 
600 to 1400 &et, Biblical Researches in Palesttne, ^., by Messrs. Robinson 
and Smithy Vol. 2. p. ^232. Boston. 1841: Also Asnencan Jour, Science^ 
Vol. 42. Jan. 1842, p. 215. ~^ 

Stratification. 

Def. The rocks that compose the globe are divided into two 
great classes, the Stratified and Un stratified. 

Def. Stratification consists of the division of a rock into 
regular masses, by nearly parallel planes, occasioned by a pecur 
liar mode of deposition. Strata vary in thickness from that of 
paper to many yards. 

Obs. Strata are often very tortuous and sometimes quite wedge shaped. 
Nevertheless, the fundamental idea of stratification i» that of nanllelism m 
the layers. MaccuUoch^s Classification of Rodcs, p. 100 : also nis System of 
Geology y Vol. l.p.61: also Greerumgh^s Geology , chap. 1. 

Def The term stratum is sometimes employed to designate 
the whole mass of a rock, while its parallel subdivisions are called 
beds or layers. The term bed is also employed to designate a 
layer, whose shape may be more or less lenticular, or wedge 
shaped, included between the layers of a more extended rock ; as 
a bed of gypsum, a bed of coal, a bed of iron, &c. In this case 
the bed is sometimes said to be subordinate. 

Def When beds of different rocks alternate, they are said 
to be interstratified. 

Def A seam is a thin layer of rock that separates the beds 
or strata of another rock : ex. gr. a seam of coal, of limestone, &c. 

Descr. A bed or stratum is often divided into thin laminae, 
which bear the same relation to a single bed, as that does to the 
whole series of beds. This division is called the lamination of 
the bed ; and always results from a mechanical mode of deposi- 
tion. The appearance of fissility which it gives to a rock, is 
often deceptive ; since the layers separate with great difficulty. 
This is especially true in gneiss. 

Descr, The lamination is sometimes parallel to the planes of 
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stntificatioQ', BometlmeB tbev an mueb incUnsd to udi oduc; 
aad often it is iindnlwtJF'g and tottooos. 
Fig. 1., Bhovra lite diffeieDt tiodi of hminMiML 
Fig, i. 




Fig. SL ii & ewe of T«r]r cuitoited hanlimfiwi, in *. Mntmn of gnein 
two M three ft«t tbii^ o^ed fiom a loaae block in CtMmwk, in Goo- 



Fig: 8- 




Q>i*irM Zaitim» If Omim I CbUnnl, O. 

Fig. 3, rcfiMwtib k bowldw <^ miet ilate, 6 ft«t hi^ and 6 ftet broad, , 




finf. The lamince of beds could not have been deposited ori- 
inall]' in the euived pOBition shonn in the preceding figures : 
ence the flexure must hoTB been the result of some subsequent 
operation. 

htf. Hence the layera at some period after their deposition, 
mast have been in a state so plastic that they could be bent 
without breaking. 

Origin of the varieties of Lamination. 
Caiusei. All the lamination of stratified xocka was undoubt- 
edly produced originally by deposition in water, and the va- 
rieties have resulted from modifying circumstances, 1, The 
parallel lamins are the result of quiet deposition upon a level 
surface. 2. The waved lamination, in many instances, is nothing 
but ripple marks ; such as ate seen conatantly upon the sand and 
mnd at the bottom of rivers, lakes, and the ocean. In the sec- 
ondary rocks this is too manifest to be mistaken. 3. The ob- 
lique lamination has generally been the result of deposition upon 
a steep shore, where the materials are driven over the edge of 
an inclined plane. 4. Highly contorted lamination has often m- 
sulted from lateral and vertical pressure, as illuetiated by 
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ORfOIN OF OONTOBTKD LAMINATION. 




Fig. 4. 

UkistraHtm. If pieces of cloth of 
different colon be placed upon a ta- 
ble Cf and covered by a weight, a, 
and then lateral forces d, b,De ap- 
plied ; while the weight will be some- 
what raised, the cloth will be folded 
^ and contorted precisely like the land- 
nflB of many rocks ; as is shown in 
the figure. 

Prin. The agency of water 
and heat is sumcient to bring 
rocks, in nearly every known case, into that plastic state which 
is necessary to make them bend without breaking. 

Proof. 1. Water alone renders clay eminently plastic; and it imparts a 
dc^ee of plasticity to nearly every variety of unconsolidated strata; so that 
this, without heat, may have prepared all such strata for the flexures which 
they exhibit. Water also renders some solid rocks quite flexible; as lime- 
stones and sandstones ; and it penetrates very deep into the solid crust of the 
globe ; so that some of the flexures, even in the solid rocks, may have been 
produced by forces acting upon them when saturated with water. 

S. Flexures are the most abundant and extensive in the vicinity of rocks 
that have been melted. And it is admitted that all the older straitifled rocks 
have been exposed more-or less to the influence of heat from the unstralified ; 
and it is also true, that rocks may be heated almost to the melting point 
without destroying their stratified and laminated structure. So uiat in 
heat, we have a cause sufficient to prepare rocks for any possible degree of 
contortion. 

Prin. . Volcanic forces have operated from beneath upon most 
of the older rocks, whereby they have been bent upward. The 
weight of the ocean, of drift, &c., has bent them downward* 
gravity and other agencies more local, have produced a lateral 
pressure ; especially when the strata were highly inclined : and 
these various agencies will account for nearly ev^ry case of flex- 
ure, not only of the laminse, but of the beds also. But more on 
this point further on. 

Descr. In clay beds containing disseminated carbonate of 
lime, we frequenuy find nodules of argillo-calcareous matter, 
sometimes spherical, but more usually flattened. These are 
generally called claystones, and the common impression is, that 
they were rounded by water. But they are uncjuestionably the 
result of molecular attraction. The slaty divisions of the clay 
extend through the concretions : and on splitting them ojpen, a 
leaf, or a fish, or some other organic relic, is frequently found. 
In New England, however, both the slaty cleavage and the or- 
ganic nucleus are usually wanting. 
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Rmt. In England these cta;stoiiea ore BometimM rapposed to have been 
(Dined in a Inlhc, and to have been uoad (or money. In this coontiy thej 
iia usually thought to bs the work of water, or of the shorigineB. t find thai 
thoH of New England have at least eU predominant fonw. Fi?uU BtpoTt 
0S Ou Otology cf MasiaiAuxUs, Vol. 3. p. 410. 



Fig. 5. 

Fig. 5, will conTe; an idea of tha 
^ mannet in which these concietuuis bis 
I aittiated in the clay. 

Descr, Similar coneretiona abound in Brgillaceons iron oi^ 
irhich is altea disssminated in clay beds or shale. Tbew no- 
dales, are nsually made up of concentric coata of the ore : but 
Bometimea the slaty structure of the rock containing them, ex- 
tends through them, and organic relics are found to foim uieir 



.., Q of hydrate of iron from theclayeliflk of 

Gaf Head in Mauachusetta. The ana consists of a piece of lignite, and its 
leaeroblancB to a pear is very ntnking: or rather to a laige ganlen sqaash: 
ftr Its diameter ia more than seTen inches. 



Fig. 6. 




Discr. The internal parts of these concretions of limestone 
Mid hydrate of iron, often exhibit numerous cracks, which some- 
times diTide the matter into columnar masses, but more fre- 
quently into irregular shapes. When these cracks are filled 
with calcareous apar, as is often the caae in calcareoua concre- 
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Fig. 7. tions, they take the name of Uiditt kti- 

montii, turtle sioiiet, oi moie frequent- 
ly of septaria. From these is prepared 
\in England the famous Roman cement 
^; Fig. 7, is a section of one of these. | 

Deter, Certain limestones called oolites, 
are often ^moat entirely composed of con- 
cretions made up of concentric layers: 
but the spheres are rarely so large as a pea. 

Descr. The concretionary stmchire, howeTer, often exists in 
limestone on a very large scale, forming spheroidal masseB not 
only many feet, but many yards in diameter. 

Divisional Structures. 

Def. Both the stratified and unstratified locha are traversed 
by diFisiOTial planes, called joints ; which divide the mass into 
determinate shapes, which are different from beds and their 
laminas. Those only which occui ia. the stratified rocks will be 
here noticed 

DescT. The most important of these joints, called master- 
Joints, are more or less parallel, and so extended as to imply 
some general cause of production, 

Descr. When these joints cross the beda obliijuely, as thev 
usually do, and there are two sets of them, they divide the tock 
into rhomboid&l masses of considerable regularity ; though 
wanting in that perfect equality in the corresponding angles of 
the prisms which is found in crystals of a simple mineral 

^ffs. 8 uid 9, are Rumplea : the fint from the nnconsolidated cinj heit 
of West Springfidd in Muaadiuselti, and tlie litter fnan the gDciu of 
MoaBon in the same Slate. 



Fig. 8. 



Fig. 9. 



FJg. 10. 
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DeHr. Othei diTiuonol jJanea Bepa»te the loek into inegnlei 
IragnMoti : and sometimes the fissuMs are filled witll csuu»- 
<KU spar, ta otlier mioeial subrtance. 

Cleavage. 
Deser. Some locks an divided by a set of 

parallel planes, coincident neither with the 

etrati&cation, the lamination, nor the joints.* 

ese are called cleavage planei,heca\isa they 

supposed always to result froma crystallina 

ingement of the patticIeB of the rock, su- 

^perinduced after its original depoBition. 

Descr. This cleavage is most common in 
argillaceous slate, and in many cases consti- 
tutes its slaty structure. But in many iiiBtanc- 
es this structure is the result of original depo- 
sition, and corresponds to, or rather consti- 
tutes, tbe lamination. This is particularly tru» 
of the finer slates, both argillaceons, micace- 
ous, talcose and chloritic, in this country. 
LyelPs Elements of Geology, Vol. 2. p. 390^ 
Second Amer. Edition, Boston, 1842. 

Descr. The cleavage planes are often inclin- 
ed to the planes of stratification and lamination 
at an angle of 30= or 40°, and sometimes the 
the two planes dip in opposite directions. The 
cleavage planes are remarkable for their almost 

Erfect parallehsm, white the strata and their 
ninffi are nsually contorted. 
Fig. 10, eihibita a set ot cicnvage ulanea crossing 
tlie curved itrata in the elate rocks of WnJes. 

In Fig, II, an cxMbilGd the pliiDcs of elcslificatioD, 
BB, B B ; the jointa, A A, A A ; and the slaty cleai- 

Fig. 11. 




S2 ORIGIN OF DtmftBKT STRITCTirRES. 

Descr. Strata and laminffi majr be distingiiished from joints 
and cleayage, L. 'B^ the alternation of di£Rsrent materials ux the 
former. 2. By a difference of organic remains in the succes- 
sive layers. 3. By ripple marks uid tortuosities, a 4. By a dif- 
ference in color of successive portions of the rock. 

Descr. Joints may be distinguished from cleavage planes 
chiefly by two marks. 1. A jomted structure rarely extends 
through large masses of rocks ; at least not without more inter- 
ruption than is found in cleavage. 2. The portion of rock 
included between two joints is not capable of a subdivision by 
parallel- planes ; but in cleavage the subdivision may be carried 
on to an extreme degree of fineness. 

Origin of the differeTii Strudwres in the StraHJied Rocks. 

First Cause, Original deposition firom witer. This win explain all the 
phenomena of stratmeation and lamination. 

Second Cause, Deoiecation. By contracting the mass of the rock, it is 
compelled to serarate into fragments : hut this can explain only s(»ne of the 
more irregular divisional structures, such as those of septaria and iron stone. 

T%vrd Cause, A mechaJDical force acting heneath, by which fissures axe 
produced, either PA^^aU^ or radiating from a centre, or without symmetiy in 
their direction. This may explain some varieties of joints. 

Four^ Cause, Heat This must he supposed intense enough to give so 
much of mobility to the particles that they can ohsf molecular attraction, and 
assume a partiaUy crystalline form. In tiiis way, pobably nearly every case 
of cleavage was produced, and many cases of a jomted structure. • i 

FHflh Cause, Water, if by this agent the particles can be made to move 
among one another,--<'as tl^ will do even by partial diffusion,)— they can 
then assume a crystalline arrangement, as in the case of heat. And the 
example of distinct jdmts, which I have given in Fis. 8, occurring in uncon- 
solidated horizontal clay beds, seems to require such a cause as this fat its 
explanation ; although I have seen no similar case described by vmters on 
geology. But in West Springfield and Deerfield in Massachusetts, these 
loints are very numerous and distinct ; occurring, however, in only a few of 
the layers of clay, while those above and below are unaffected. This clay 
has certainly never been subjected to any great degree of heat, being of very 
recent origin. 

iSioOh Cause. Ghdvanic Electricity . The recent experiments of Mr. Robert 
Weare Fox of Great Britain, show that dav, subjected to a long voltaic ' 
action becomes laminated, so as to resemUe clay slate in its structure. Very 
|irobably an electric agency is essential in tiiose cases where heat and water 
seem to produce the effect : and that these latter causes iterate chiefly by 
exalting the dectridties and giving mobility to the particles. 

Rem. In the difficult sulneet of the structure of rocks, I have followed 
chiefly the original views of Professor jSedgwick, in his paper on the slate of 
England and Wales, in the Geological TVansactions, Vol.\ p. 461, Second 
Series. Also Prof John Phillips, m his TreaUse on Geology ^ 2 Vols. London, 
1837 and 1839 ; dso Mr. Lyelf, in his Elements of Gemgy. The subject 
will probably need still fiirther attention before it is perfoi^ed. Yet much 
has beeo done. 
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VEINS. 



Descr. The unstifttified rocks oceor in fbar modes. 1. As 
irregular masses beneath the stratified rocks. 2. As veins cross- 
ing ooth the stratified and onstratified rocks. 3. As beds of 
irregular masses thrust in between the strata. 4. As overlying 
masses. All these modes are shown in Fig. 12. 

Rem, The phenomena of veins, being verj inqpoituit, requires a more 
detftiled explanation. ^ 

Def. Veins are of two kinds. 1. Those of segregation. 2. 
Those of injection. The former appear to have been separated 
from the general mass of the rock oy elective affinity, when it 
was in a fluid state ; and consequently they are of the same age 
as the rock. Hence they are often called contraiporaneous veins. 

lUus. Fig. 13, represents a bowlder of eranitic gneiss, in Lowell, aboat 
Ave feet long, traversed by several veins of segregation, whose composition 
differs not greatly £rom that of the rock, except m being harder and more 
distinctly granitic. Where veins of this description cross one another, they 
coalesce so that one does «ot cut off the other. The sur&ce of the ^eiss 
•near Merrimack river in' Middlesex County is often covered with reticular 
iions produced by veins of this description. 

Fig, la 




Veins of Segregation in Gneiaa : LoweU. 



Obs. Gtoartz veins are osually veins of segregation. Bat I have seen some 
of this description in Massachusetts a foot or more in width, perfectly straight 
and continuous, for a great distance dirough talcose slate, that are with d&- 
culty referable to such an origin. . 

Def. The second class were once open fissures, which at a 
subsequent period, were filled by injected matter. 



TBtKB AND STEEB. ^ 

Daer. Veins of segregation are freqaentJy insnlated in tiia 
eoataining rock ; they |iBas at thair edges by insenaible gradatiooi 
into that rock; and ate sometimes tukarculai or even nodular. 

Descr. Injected reins can often be traced to a large mass of 
similar rock, from which, as they proceed, they often ramify and 
become exceedingly fine, until Uioy are lost Usually, especial- 
ly in the oldest rocks, they are chemically united to the walls of 
the containing rock ; but large trap veins have often very little 
adhesion to the sides. 

la protrading from a. laiga mus of granite iola 



Fig. 14. 




Def. The large veins that are filled with trap rock or recent 
lava, are usually called dykes. These difier-from true veins, 
also, in rarely 'sending off hianches. 

Inf. It is hence inferred, either that the matter of dykes was 
less fluid, because leas hot, than granite, or that the rocks through 
which veins pass, had a higher temperature than those into 
which dykes were injected : so that the latter sooner cooled the 
fluid matter than the former. Hence, when the small lateral 
fissures were produced, as they probably usually were by tha 
heat of the injected matter, the granite flowed into them, while 
the trap had become too hard. 

DescT. Trap dvkes are sometimes several yards wide, and ex- 
fend 60 or 70 miles ; as in England and Ireland. 



DescT. Dykra and veins freqnentljr cross one anothM ', 
(uid in micli a ouuj the one tbat is cut ofF, is le^aided aa tho 

Rem. UndoubtpJly tliii ruin, in general, dm be depended od for deUr- 
mining the nlatifo ue uf injected Teini. Yet it ia ugj to conceive how 
B Tein of coiuiderable eize might be filled with miUcr not 1017 fluid, 
without filling ill the lalcrnl fieguree; ami ehould theee be lubieqacntlj 
filled with more pcrrcctly fluid matter, they would appcu lo be cut off 1^ 
the lirgcr vein ; anil hence, bj the lale, be reguilcd as the oldest^ «1- 
though in fact more recent. 



PTitt. By this rule it may be shown that granite has been 



ifTvn. Uy this rule it may be shown tb 
erupted at no less than four different epoch: 



lilui. Fig. 15, repreienta a bowlder of granite in Westhunpton, Mau., 
whose base waa the product of the earlieat epoch of eraptioa. Thii ii 
IrnveiBed b^ the granite vein, a, a, a, which was injected al a aecond 
epoch i i, 19 a granite vein cutting a, and therefore ]:«oduced at a third 
epoch ; while b, u well ai a, ue cut olT b; the granite veina e, tnd d, 
of a fijurth epoch. 




in Gramls : WeaOnBitpIon, 



Prill. By the same rule can be proved successive eroptiona 
of the trap rocks. 



illta. Fig. IG, shoWB Hvetal inlereiUns veina in lyenhe in the north 
p.i[t of Cnhaflset, Ma98. No. I, is the baeis of ejenito. No. 3, a dyke of 
porphyry, 10 lin't wide. No. 3, dykes of common greenetonc, the Ur^Mt 
'M feet wide. No. 4, ilykn of common greenalone, 5, 6, and 8 feet -wule. 
Here then we have lout lUceeiwiTe epoobi of eraption. 



SYKKB IN SVBMITZ. 
Fig. 16. 




Dyiei in Sytnilt : CohtoBft, 



Fit 17, Bihihita veins in mplamorphic gn«as on ihe sea shore in Be»- 
erlri^JsB. The gneiss, ia almost canveited into syenite. No, 1, is s vein 
of granite. No. 2, Jykea of cominon j^reenslane. No. 3, dykes of poir- 
phyiitic greenstone. These last are obviously the olilest; and one of them 
13 serf much displaced. 

Fig. 17. 




Dyket in MetamorpAic Gneitt : Bpvtrig, Man. 

Deaer. In one lemarliable example of veins of difierent 
kinds, I have been able to trace eleven epochs of the eruption of 

nnstratified locks. {See Plate 2.) 



28 DTxaa in saxxm, 

lUus. This case is in the city of Salem, Mass., near the entrance of 
the bridge leading to Beverly on the west side. The basis rock, No. 
1, is syenitic greenstone. The oldest vein, or dyke, (2) is greenstone, a 
few inches wide. Nos. 3 and 4, are veins of reddish granite, — ^nearly all 
felspar, which cut across the greenstone dyke, No. 3. These are very t 
numerous ; much more so than is shown upon the drawing *,. and of very] 
irregular width, — often branchine out into strings a mere ime in breadth.? 
They belong to.at least two epochs of eruption : fer some of them are cut ) 
off by the others, and probably still more eruptive epochs might be traced^ 
among them : but they are so compUcated niai I nave not been able to 
do it. No. 5, is a dyke of greenstone, which cuts off 3 and 4. No. 6, ' 
which b 40 inches wide, is porphyritic greenstone, and cuts off No. 5. A 
small dyke and nearly {mrallel, a little to the left, appears to be of the same 
age. No. 7, is porphyritic greenstone cutting off No. 6. No. 8, (of which 
there are two running nearly parallel,) intersects Nos. 5 and 7, and is granite 
or felspar. No. 9, consists of two large dykes of greenstone, which cut off 
fdl the odiers that have been describedj except No. B ; and perhaps this also : 
but the intersection is covered by aod. No. 10, of whicn there are small 
veins near the bottom of the sketch, and near the top, and is of the same 
kind of ffranite as Nos. 3 and 4, intersects nearly all the preceding veins. 
JPinally, rfo. 11, consists of the same kind of granite veins, a mere line in 
width, running diagonally across the sketch. The whole space represented, 
IS 36 by 27 feet, and the lower part of it is covered by the ocean at high 
tide, and Uie upper surface by soil. 

I have spent a good deal of time in eTamining this compUcated and very 
interesting net work of veins and dykes *, and I cannot see why we have not 
evidence here, of the extraordinazy fact — ^unique so fer as I know — of ekven 
successive eruptions of granite and trap rock. Or if we r^;ard the basis rock 
as metamorphic ; — that is, fermed by the fuedon of gneiss ; — and it may be so, — 
still, we have ten subsequent injections ! ; .. m 

Descr. Veins and dykes usually cross the strata at various 
angles. But not unfrequently for a part of their course they 
have been intruded between the strata ; and hence have been . 
mistaken for beds, and have given rise to the inquiry whether 
granite is not stratified. 

Descr. Dykes are usually nearly stra%ht \ but granite veins 
are sometimes very tortuous. 

- lOm, Fig. 19, shows two small but very distinct granite veins in ho- 
mogeneous micaceous limestone in Colrain, Mass. u these are injected 
veins, as they appear to be, it is eztrraiely diffieoH to acooimt for their 
tortuosity. 
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Fg 21 ( e ex pctB ) IS a 
Cbesler, Mass., which Joes not i 
possible, liowcver, that it may coi 
Bjid that the prewnt slaty etructi 
TeaBons la think that this is Dot liiu ciaa. 

DescT. In modern volcanoa the lara 13 ejected from circular 
vents, called craters. But the older unstratified rocks, although 
evidently of volcanic origin, appear to have been protruded 
along extended lisBureB, cither across tlie strata, or in the same 
direction as their strike. It is possible, however, that craters 
did once exist, but have been swept away by powerful denuda- 
tion of the surface. 

Example. A mngo nf greenstone commences at New Haven in Connecti- 
cut, (Uid niiiB Jiagonally across the valley of the Connecticut, until il termi- 
nates in Hampshire County in Maasnchusetta. It must be 70 or 80 mile* in 
length, and one or twn in btendtb, inJ it conrurms generally to the slrilte uf 
the santlstone. Similar ranges pxbt in New Jersey. 

Descr. The unslratified rocks, especially when exposed to the 
weather, are usually divided into irregular fragments by fissures 

Descr. Sometimes, however, these rocks have a concretionary 
structure on a large scale; that is, they are composed of con- 
creted layers whose curvature is sometimes so alight, that they 
an mietuieii foi stiata. 



COttCBKTES STKirOTIIBE. 

1 . Oil. Cuts of thii lort cut b« 3Ma- 

gviiih<4 from Btrktificttion, fint by the 

I concrete] jiiilioiu not eitauding [hrongh 

Iho whniD rock; aecondlj, by the wsnt 

uf a UmiaU or alatj structure in the po- 

tdlclmossH. 

E.ram. A Cue ezampla of thii coa- 

IllctcW Etrnctnre occnn U one of the 

;c9 ia (yenite neu Skndy Bay oo 

And. Anothn occun in cTsnite, 

||i«l 'the gruiile odut; in Uw hiU out 

rjf tho vQlage of Worcester, Another in 

' ril<Thburt>. Another in tho trap rocit il 

Di'f. An intereBting -variety of 
jointed structure in some of the un- - 
]|strntilied rocks, is the prismatic or 

rocks are divided into regular formSj 
"loiiv :i fiiw inches to several feet in 
liani-iicr; but with no Bpal^ea be- 
IweBii iliem. 

06i. Thia corions phenomenon wiil be 
•aoiv paitiiululjd«8cnbed in a inbseqnent 

Dcscr. The layers of the strati- 
Tied rocks ace sometimes horizontal ; 
but uiorc frequently they are tilted 
Lip so US to dip beneath the hoiieon 
at eyeiy possible angle. 

Def. The angle which the sur- 
face of a stratum makes with the 
plane of the horizon is called its 
Wiiwlination, or dip; and the direc- 
tion of its upturned edge is called 
its strlA'c or bearing. 

OH. Of coorio horizontal strata bitve 
neitltcir elribe dot dip. The cxpotmra of 
a etrciuni at the surface ia calieJ in the 
InngUHge of miners, its mU-irop or bas- 

Dcur As a general fact, the 

Ecwer or higher rocks are less in- 

{ ulincd than those below. The high' 

ire usually horizontal ; while iho 

oldr^^t are often perpendicular. 

"'.<. Tbis admits of too many excejitioDS 

JKiD^ajtd u ■ meons for detonriniDg 
tho ago cf rocks. Tbtw, a oomiderable 
'jiajt of the gnsiss rock* of New Ed^ikI 
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(nsoally the oldest of the stratified rocks,) has a less dij^ than the sandstoiiAL 
<nr even than some of the tertiary rocks of the same region. .^ 

Descr, The instrument employed for aseertainins the dip ot 
a stratum, is called a clinometer. Every geologist, however, 
ought to be able to determine the dip with sufficient accuracy 
for most purposes by the eye^ A good pocket compass will aQ* 
swer for finding the strike. 

Descr, Unstrati&ed rocks do not probably occupy one tenth 
part of the earth's surface. ^ 

Descr, In Ghreat Britain, says Dr. Macculloch, " they do not cover a thou* 
sandth part of the superficies of the island^'' In Massachusetts, they occupy 
nearly a quarter of the sur&ce. "^ • _. . >-^.. ^^ 

Prin, These rocks, however, we have reason to suppose, oc- 
cupy the internal parts of the earth to a great depth, if not to 
the centre ; over which the stratified rocks are spread with very 
unequal thickness, and in many places are entirely wanting. 

> ExplaTuUion. Fig. 13, will convey a better idea than language, of the 
relative situation of the two classes of rocks. The different groups of strati- 
fied rocks, viz. Alluvium, Drift, Tertiary, Secondary and PrunarVj are here 
shown resting upon one another, and upon sranite beneath. This granite^ 
also, is shown protruding to the surface ; and upon its sides lie the stratified 
rocks highly inclined : veins of syenite, porphyry, trap, serpentine and lava, 
are also shown protruding through the granite, and coming from beneath it; 
as they must do, because they have been erupted since the granite. Veins 
of s^onitic granite of a posterior date are lU^ewise shown, penetrating the 
stratified rocks to the top of the secondarv strata, wMch is the most recent 
granite yet discoicered. Syenite and porDbyry rise no higher than the top of 
the secondary : but the trap rises to tne top of the tertiary ; and finally, 
modem lava overspreads alluvium. The stratified rocks are represented as 
inclined at different angles ;^ the lowest being the most tilted up. Although, 
therefore, this is not a section of any particular portion of the earth's crusL 
yet it will give a correct idea of the relative situations of the groups both of 
stratified and unstratified rocks. For a much larger and more detailed sec- 
tion of this sort, see BiickUmd^s BridgewaUr Treatise^ Plate 1. 

Formations, 

Rem. It is not possible in geology as in other departments of natih 
ral history, to describe species with definite and invariable characters; 
because each rock \a found to be made up of varieties, often very nu- 
merous, which insensibly graduate into one another; as do also the 
rocks themselves in many instances. In botany, mineralogy and zoolo- 
gy, species are separated by definite lines, and never do thus pass into 
one another. If, therefore, we employ in geoIogy^ the same exactness of 
specific description as in these sciences, we shall impose on nature a logi- 
cal precision which will not fit her in this department of her works. Anot&r 
method must, therefore, be adopted. See MacciiUoch^s Geological CUasi/r 
cation of Rodcs^ Chap. 1. 

Def. Each rock, in its most extended sense, consist of seve- 
ral varieties, agreeing together in certain general characters, 
and occupying such a relative situation with respect to one ano- 
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ther, as to show that all of them were formed under similar 

circumstances, and during the same geological period. Such 

a group constitutes a formation. Ex. gr. gray wacke formation, 

gneiss formation, &c. 

Def. This term often embraces several distinct rocks, when 

there is reason to suppose them the result of the same geological 

period. 

Fig. 23. win ^ye an idea of the English liaa formation lying be- 
tween the qpfite formation abovei and the red sandstone formation be- 



neath. 



Fig. 22. 



f 



Upper lias shales, 



Lias Formation. <^ :3:;^ 

t, . - -_— _^ - "zr-rr-TT Middle lias shales, 

Lias limestones, 

Lower lias shales. 

Def. The English word growp^ and the French terrairij are 
nearly synonymous with formation. The term series is also 
very convenient in description. 

i)ef When the planes of stratification are parallel to one 
another in different formations, the stratification is said to be 
conformable : when not parallel, it is unconformable. 

Descr. The stratification in different formations is usually 
unconformable, as is shown in the position of the secondary 
and primary formations, in Fig. 12. 

Inf. It is hence inferred that the stratified rocks were elevated 
at different epochs : in other words, those formations which are 
the most highly inclined, must have been partially elevated be« 
fore the others were deposited upon them. 

Descr. These numerous elevations of the strata have pro- 
duced in them a great variety of cracks, fissures, and slides. 
' Def. When the continuity of the strata is interrupted by a 
fissure, so that the same stratum is higher on one side than on 
the other, or has been slidden laterally, that fissure is called a 
faultj or a trouble, — a slip, — a dyke, &c : as a, i, c, d, Fig 23. 



Fig. S3. 




. A&olt 



fHgmaiitB of iDcki, clfty, Ac. m 



iBHiiea, a. i* impomble to decide whMber t}u ooadniiBtuiD of the muienl 
•ought u above or bdow the Urd, oi to the Tight or left. 

Def. If the fissure is open and of considerable width, and is 
sacceeded Bt each extremity by a wider valley, it ia called t 
gorge, as c. 

Uef. If it be still wider, with the sides sloping or rounded at 
the bottom, a valley is produced ; as d. 

Prin. In a similar way most of the valleys of primitive coiuh 
tries were formed. 

Def. The line forming the top of a monntain ridge, or nn-' 
ning through a valley, along which the strata dip in opposite di- 
rections, is called an anticlinal line, oi anticlinal axit i tMtlta, 
Fig. 24, and b, Fig 25, 



Def. When the strata dip towards this line on each Btd«of if, 
is called a synclinal line, oi axia, as at i, Fig. 24. 



Fig. 25. 
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Def, When tlie strata dip from any point in all directions 
outwards, (as around the crater of a volcano,) the di^ is said to 
be qikaqyAbvenal. 

Classification of Rocks, 

Rem. Nnmeroofl attempta have been made to claadfy the rocks. Bat 
none of the arrangements hitherto proposed, possess so decided a superi- 
ority over the others as to be adopted in every particular. In the present 
state of the sabject, all that can be done is to give the outlines of the 
most important systems of classification, leaving the reader to take his 
choice among them. I shall first describe some of the larger groups 
of rocks, w^hich have long been admitted hj most geologbts to exist in 
nature. The names by which they are designated are indeed objectiona- 
ble, because they were originally founded upon uncertain hypothesis : and 
many excellent writers have entirely excluded them from their works. 
But as they still continue to be employed bv most geologists, and as they 
can now nardly mislead even a tyro in tne science, and are moreover 
Ibunded in nature, I shall retain the most of them in the following familiar 
descriptbn of the earth's eegfL 

Descr, If we suppose ourselves placed in a meadow, which 
has resulted from tne successive deposits of annual floods, and 
begin a perpendicular excavation into the earth, we shall pass 
throi^h the different classes of rocks in the following order. 

D^. For a few feet only, — ^rarely as many as 100, we shall 
pass through layers of loam, sand, and fine gravel, arranged in 
nearly horizontal beds. This deposite, from an existing river, is 
denominated alluvium. 

Def. All deposits from causes now in action, which have 
taken place 6ince the present order of things commenced on the 
globe, are usually regarded as alluvial. 

Def, The second formation which we shall penetrate, is 
composed of coarse sand and gravel, with fine sand and even 
sometimes clay, containing, however, large rounded masses of 
rock called bowlders ; the whole mixed together, yet often dis- 
tinctly, and horizontally stratified. This formation, evidently 
the result of glacio-aqueous agency is called drift. It is distin- 
guished from alluvium, first by its inferior position; secondly, 
by the marks of a more powerful agency ; and thirdly, by ex- 
tending over regions where no existing streams or other causes 
now in action could have produced it 

Dtf. The third series of strata which we penetrate in de- 
scending into the earth, is composed of layers of clay, sand, 
gravel, and marl, with occasional quartzose and calcareous beds 
more or less consolidated ; all of which were deposited in waters 
comparatively quiet and in separate basins. Tney also contain 
many peculiar organic remains, and sometimes dip at a small 
angle, though usually they are horizontal These strata are 
caUed tertiary. 
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Obs, It 18 only a few years since all the fonnations above deseiibed 'were 
regarded as alluvium. ) 

Descr, The forma^ons which we penetrate after passing 
through the tertiary, are composed for the most part of solid 
rocks. They are, however, mostly made up of sand, clay, and 
pebbles, bound together by some sort of cement With these 
are interstratified many varieties of limestone ; and throughout 
the whole series is found a great variety of the remains of ani* 
mals and plants, very different from those in the tertiary strata. 
These groups of rock sometimes lie horizontal ; but are usually 
more or less elevated, so as to makethem dip at various angles. 
They are called secondary rocks. 

Obs. It will be seen that all the fossiliferous rocks below the tertiary 
are here included in the secondary class. Many geologists, evffli to the 
present time, have separated some of the lower groups into a class named 
transition, because they appear as if produced when the earth was in a 
transition state from desolation to a habitable estodition, and have a tex- 
ture partly mechanical and partly chemical. I do not attempt to define 
such a class, because I cannot £x upon any characters by wMch it can 
be distinguished from the secondary strata. 

Def. The stratified rocks below the secondary, are distin- 
guished by the absence of organic remains, by having a struc- 
ture more or less crystalline, and by being more highly inclined. 
They are called primary rocks. This term has also been ap- 
plied to the unstratified crystalline rocks. Mr. Lyell has pro- 
posed, as a substitute for primary, the term hypogene; meaning 
" nether-formed rocks^ or rocks which have not assumed their 
present Ibrm and structure at the surface." Elem. Geol. Vol, 
1, p. 20. 

Rem, D'Halloy, Dr. Macculloch, Prof Phillips, Mr. Lyell, and some 
others, include some of the fossiliferous rocks, — as day, date, and gray- 
wacke, — in the primary class, as may be seen on the tabular view at t&e 
end of this section. ; 

Descr. Immediately beneath tBb primary stratified rocks, we 
find the unstratified ones. 

Inf. As this is found to be the case wherever the stratified 
rocks have been penetrated, it is inferred that the internal parts 
of the globe, beneath a comparatively thin crust, are made up 
of unstratified rocks : at least to a very great depth. 

Descr. Amone the primary rocks there is no settled order of 
superposition. jPerhaps gneiss most commonly lies immediately 
above granite ; but the otner members of the series are frequent- 
ly found also in the same position. 

Descr. Among the fossiliferous rocks there exists an invaria- 
ble order of superposition. 

Exception. In a few cases, internal fi)rces have not merely lifted 
upon their edges, but actually overturned strata of consldfiiraNe (hick- 
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cua of thw kind. O, H goA^ L, h, limestone, C, coDglofnenle, lo- 
Mllv enlkd vagkjhit. Now the limMtone ii mil; in tddar lock thui 
ths coiwkimatM ; ancl yet it fie* nboie the oHigloawnle, beeaoM tbe 
whole MM hMbtm luiiriil ninr. eo u to biing the newer nckii benetth 

dw (War. * 

* Deser. Is '^ome uutaiic«8 the strata have been folded to- 
gstber on & Tist oeJe, and in snct a manner as to brin^ 
aome of the newer rocks benmth the dder. Fig. 26, la 
Fig\ 26. « section of this'cha- 

raster. Originally the 
strata wero probably 
folded, as is shown by 
the curved lines pess- 
ine from 1 to 1, 2 to 2, 
and so on. Bnt their 
upper parts have heen 
denudea, so that the 
ueeent surface is a., a. 
The oldest strata are 
BOW fttUbd to bt 6, 6; mnd'thty oonetpend outward on each 




•U* oT th«M ; U 5, 5{ 4, 4; 8te. Such an example a 



hw b««n mUm 

9 K-™» I ln' . . 
mi>itiiiiilli4t ><r iho iMnilii li- . 
WHIM, MUKUMl'' '*"' iJmii"""-"" t»™ not Tot been Mndied u carefoltj 
M Wi'«M »*• iWlnMxl »nJ •rai"' of "or gTOlogiatu eiplain the inverted 
4a> lUI Mh«r MtMOlvMe. Alongi tlu wotani part oi toe Qceeii uid Hoo- 
MM> MmlitntM, tn r'*w Blnglikiiil. occur intentioiified bade of gneiss, mica 
•lnU, Ul.siwj Al*, fltky •tslP, liiuertone, snd older Silurian rocks, wliich 
n,v ••H\wi i>i-ti.fii<l»>iili<r or hnvv > high euterly dip: and jet the oldeet 
lu^ui... ..1 III.. ».T>r'< rito Miin<) .ilmg Qui euteni side of tfaii belt, imd the 
■Ifata tiawHee newM Md newer aa «e go weeteri; : that is, the oldest 
(IM^> be antwenttj kbovfl the newer ones. These appeajances present 
UwwaslvM neutj the whole distance from Connecticut river to Hodson 
Jdyv i M lin«dlh of netrif filW nulee. Now aappose in earl; times the 
■tnia between those rirers to have been somewhat elevated, with Hoorac 
Mounlala, or the Green Mountains as th^i principal aiia, as ii ahown 
in Ag- 97| where L stsnda for limestone, M, for mica slate, T, fin tslcose 
■tM«k ^ HT 0U7 slate, and Gra. for gn;wai^ WhUe yet in a fielding 
t iMe, inuiina powerRiI ibrces to act in opposite directions at the two 
•ilremitlea of these stnta; that ia at Connecticut and Hodson livers ; 
where we have teason to believe extensive iaulta eiist : while at the same 
tine we ms; auppose an upward strain npon tha strata Gran gas or melted 
nutter benoatfa. The cfliict would be to bend and fold together the strata, 
as Ihqr are ahown npon fig. 08. If atterwanls they were denuded by 
water, to the depth of the inegolsr line A A, thrar character, ^, and oul< 
line wotJd correepond essentiall}! to what we End between Connecticut 
and Hudson riven. It appeara further, from the Geologieal repoita of 
Professors Mather on New York of Prof Henry D. RtierB on New 
Jeisey and. Fennsylvauia, of Pmf William B. Rogers on Tirrinis, and 
of PioC Tmat DO Tanneaaee, that tbeas sane nx^ .witli ri,^thtt» 
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Am of tluir dip, tecnr in rU thoM stalca, fbniiing k cmddenible fut 
<ir Ihe Appalachiui Mountains ; and that in &ct t&j extend ilmoat wa.- 
inlerrupteiUj' ttota Canada to AUbama; a diituice of nearly 1300 mllM; 
And if the aboTe tlieorf of the Iblding and inTenion of Om belt of rock* 
be collect in the latitude of MuBachontta, it ii vrithoDt doubt trw 
over this nut extent of country. Nor can ne doi^ tbat a( 
1 Conn. River. ~] 

I 
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Klthnngb 

peDdoDi fartm. (Set Ait Utory fartier ^ncidaUd in tiie Fiwd Repori- o 
tie atology of MiiisackuseUi, VoL 3. p, STl, and in the jint Aimiver- 
laiy Si£iss Mart Hit Anocuiiian ef Amaican OeoicgiiU ai PhSadA- 
Iptto, 1S4I. Prqfiman W. B. ^ H. D. Rogiit read a mod inlenaCiag 
paptr on, OiU labftd btfort Ikt Aaxiniian qf American GeciogiiiU ai BatUm in 
April, 18^ : and ta t)ity hate ttudied the aubjtd more Ovui ana oOier gtalo- 
guts, ffu publication t^ their paq>tr teiit be vfaited Jbr iitifaiien^^ Acci^in^ 
to Mr. Sciope, umil&r fidded u» oil a vait »alt uccni id the mountuai 
of South Amorica. Scrape on Vokanos, p. 195. 

' Deser. SoinetimeB the strata, after descending in an inveited 

n'tion from 1000 to 1500 feet, euire in sucli a direction as to 
g them into their proper position; as is shown in Fig. 29, 
taken in the AJps. 

Fig. 29, 




Curred Strata in lie 



DeiCT. One ot more rocks are frequentlj' wanting in the se- 
condary series, which brings those of very different ages into 
contact: but the order of ariangement is never thereby dis- 

f Bxam. Thua in Fig. 30, an the left aide of the central maia of 
granite (A,) we have the prinmry (B,) the secondary (C.) ami terUa- 
ry (D.) in reg;Dlai order : bat od the other aide, the Bccoodaiy is wanting ; 
and the tertiary {D,j lie directly npon the primary (F.) ai well as upon 
the granite, while a depoeite of drift (E,) comes in contact with all. 

Other Syitems of Classification. 

Descr. Di. Macculloch divides the strata into fimr principal claBses. Hi« 
AUucioi Clasi embraces aUovial and drift: hie Tertian <^<^ u the same as 
that alteaJjdeaoribed: his Steondarif daa exleod* no farther downwaid 



nwmin or ciAsgirtOATioH. 
Fig. 30. 




flMn to the bottun of tlie old red undatone ; and t] 
IbnUiferaoB tocki, wilh th« BtnliGBd aon-fiwnlireioQB ones a 
PrimaTy Ciaii. He aUo diitrilMitea the onttiUified rocks tbiough tbe two 
hitei cluwa,* and adde & fifth, or the ValeatUc Cka. Reckoning the atnti- 
fled and unstn^ified roeka losdher, he divides the nhole into ten gtoofa, 
which he also denominatea daHci, b; the deaignation ProUilUh., DtviolUi, 
Ac. This lattet uruigement Iw denooiinatefl the Nalund Systm, and the 
former the Artifiaal S^ten. MacixilocK's System of Geelo^, Vel. 3. p. IB. 

Descr, la Ref. W. D, Conjbeare's arraDgement, ullUTinni, drift, arad the 
lertiuj Btnts, aie called the St^stuk' Order : the rocks from the chalk to 
the C'>aJ meaflurea, lorm his Supermedifji Order: the coal meaeuree, car- 
bioiiferoua limestone, and old red suidstone, form big Medial Order: [ha 
remaining foegiliferouB locks constitute his Smnudiai Order: and the strati- 
fied primajy groups his Injeri&r Order. The miBtratifieJ rocks are distri- 
buted amang the stratified, according to their supposed age. This a;Btem 
has the merit of beine bath simple and free from all hypothetical allusiona, 
Cenyleareaad Wm.PkiMps's Geology 0/ Eit^land and tfales, Vel. 1. 1822: 

Doer, De la Beche diiides all riKka into two great claascs, the Straiifitd 
and Umlralified. The latter he treats ai a single family : the former, he 
■nbdivides into ten groups. The first is called the Modem Grixp, and 
conespondi to alluvium: the second is the Erratic Bleek Grmp, conta- 
paiiding to drift: the third, the SupercreUuxoiti Qreiii/p, embracing Ule 
totiuy rtrata: Uie fourth, the CrOaceoui Qtavm inchiduig onl; the chalk 
•nd WHoe aasociaied strata: the fifth, the fMiiic droop, comprehending 
the ocdite and the lias: the rizth, the ifol Sandiltme Group, or the new 



the Grofieadie Orov/p, or the grajwacke fiamation : the ninth, the Z^wvjt 
X^aSiftrota GTov,p, or fbeailiferoDS slates Ijiog below the gra^acke : and 
' the tenth, the Prvmary Slraiified Non-FossUyertms Rocks. This arranm- 
' meat ia alio natural and sadifactory. De la Beckys Mam. Oeol. f. 38, 
.. third tditum. 

\ thicr. jUr. Lyeil embtaeei the rocks in Periods and Orouft. The first ii 
~ the Post Pliocene Peried, including *allaTium and drift. The second is the 
TMiari/ Poind, lubdinded into the newer and dder 'PUecene, the MieeoTU, 
and the Eoane. The third he denonunatea Secondary, which extends la the 
bottom oTtlie old red aandaloDe: oaxt mcecNla hja Primary FossiUferous 
Period, wUcb incladea all tbe reauUDing SxaiUfetDas rocks. His Meta- 
tmrrjAic Rods embrace all the atratified noD-fbeailifetous groups. The nn- 
atnUified rocki are dtstriboted tbiough these several clanea ; and be ha* 
^kewise made a diviaton of those nnstiatified rocks, that exist below th« 
tfnlified onee, into Primary PluHmie, Seamdiay PMotuc, Ttrtiary Plit- 
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ttmic, and HeeetU Plutonic, reckoninff in a deBcending order. EkmefUs 
of Geology, Vol, 2. p. 170. 

Descr. Omalius d'HaUoj, a French jgeolosbt, in 1831, proposed the 
following system of arrangement He &st dmdes all rocks into NeptU" 
num. or the stratifiedi and the PhUonianf or unstratified: then under 
his nrst class, or Modem Formation, he places alluvium ; under Tertiairy 
F\frmtUions, he pots drift and the tertiarj strata; under Ammonetm Fomuu- 
HonSf he includes the subjacent rocks as fiur as the coal measures; and 
under HemUiysian Forwuiions, all the remaining stratified rocks. The 
unstratified ones he divides into two classes : i& first, embracing granite 
and porphyry, is called Agalysians the second, embracing basalt, trachyte^ 
and Uva, is called Pyroidal, His three first classes he also denominates 
Beamdarvf and the remaining class of stratified rocks, with the first di- 
vision of the unstratified, triTnordial, Elements de G&dogie, par J, J. 
lyOmaHus lyHaUiyy, Paris, 1831. 

Descr, Prof Atocander Brongniart, another distingoished French geo- 
logist, in 1829, proposed to embrace all the rocks under the Jovian Penod^ 
or the existing .era; and the SaJtwrnian Period, or the era preceding the 
last revolution of the globe. ]ffis first period embraces only alluvium; 
which he divides into tbe AUuviaL l/ysian^ and Pyrogenous FormaUons, 
His second period embraces, first, tne Sirattjied or Neptunian Formations^ 
and secondly, the Massive or 7)/pfundafn FmrmaHons, The first of these is 
divided into tne C3>ysmian Fmmatians, or drift ; the Izemian Fifrmatums, or 
the tertiary strata, and the secondary as fiur down as the mountain lime- 
stone; Hemilysian Formations, embradng all the remaining fossiliferous 
strata; and the JLgufysian Formations, which include all the primaiy strati- 
fied rocks. £Bs Tyj^onian class he divides into the Plutonian, and Vulca- 
man Formations, Tableau des Terrains^ 4»c. par Prof. Al, Brongniart ^ 
Paris, 1829. 

Descr, Rozet, another French author, in 1835, divided all rocks into 
two great Series, the first embracing the stratified, and the second the un- 
stratified rocks. His first series he refers to six geognostic epochs, the 
first embracing alluvium, the second drift, the third the tertiary strata, the 
fourth the subjacent rocks as deep as the coal measures, the fifth the 
remaining, fonuiferous rocJ», and the sixth the non-fi)ssiliferous stratified 
rooks! lyaite Elemeniaire de Oeologie, par M. Rozet, Paris, 1835. 

Descr, Dr. Mantell proposes a chronological arrangement of the rocks. 
His two great classes are the FifSsiUferous Strata, and the Metamorphie 
Rocks: the latter embracing the unstratified rocks as well as the stratified 
primary. Under Modem and AncicTtt AUuvium, he places alluvium and 
drift. Next come the TYrtiary Strata: then, as the first group of the 
•econdaiY formations, the Chalk or Cretaceous System, The second group 
is the Wealdens the third, the OoUies the fourth, the Lias; the fifth, the 
SaHferous Strata f the sixth, the Carboniferous System, or Coal; the 
seventh, the SUiurian System, or upper members of the gjra^acke series ; 
and the eighth, the Oambrtan or Oraytoacke System, rba metamorphie 
rocks comprehend three groups. 1. Mica Schist, 2. Gneiss, 3. Grawite. — 
Mantxa^s Wonders of G^l^, Vd, 1, p, 178, London, 1838. 

Descr, Professor John Phillips divides all rocks into the stratified and 
unstratified: and then, like De la Beche and Dr. Buckland, he does not 
attempt to distribute the latter among the fermer, but treats of each class 
separately. The strained class he thus subdivides. Alluvium and drift 
are placed under Superfiddl Accumulations, and denominated, AUwoiat 
Depositums and Diluvial Dmositums, The tertiary strata he divides into 
the Crag, Freshwater Maru, and London day. The secondary strata, 
which extend to the bottom of the old red sandstone, he divides into tbe 
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Cretaceous System, the OoliUe System, the Sciiferous or Red Sandstone 
System, and the Carboniferovs System. Next succeed his Primary Strata^ 
which embrace the Silurian System, the Cambrian or Oraytoadce SyUem, 
the Skiddaw or Clay ^ate System, the Mica Schist System, and the Gneiss 
System, The subdivision of these systems may be seen in tne accompanying 
table. TVeat. on Ged. from the Encydopcedia Britannica, Vol. 1. Edtn- 
bureh, 1838. Also a Treat, on Qeol. in 2 VcHs, London, 1837, and 1839, in 
Caoinet lAbra/ry. 

Descr, In 1840, Dr. John Pye Smith made the following division of 
the Strata. His Tertiary X)lass embraces all the rocks above the chalk, 
divided in a descending order into Surface Soil, Beds of Rivers and Lakes; 
PUstocene, embracing sea bottoms, coral rocks, peat, marls and travertins: 
Pliocene or drift, sands and clays, and limestones, such as the E^lish 
crag; Miocene, and Eocene. His Secondary Class embraces the Cretaceous, 
OcUtic, PiBcilitic, (new red sandstone,) Carboniferous, and Old Red Sand- 
stone Groups, "Bis Primary Fossitiferous Class embraces the Silurian and 
Cambrian Systems; and his Metamorphic Class embraces the Cumbrian 
Tchiefly clay slate^ J^^^ca Schist and Gneiss Systems. On the Relation 
between the Holy Scriptnires and Soma Parts of Geological Science, Second 
Edition, p. 375, London, 1840. 

Descr. The most important changes in the classification of the strati- 
fied rocks that have of late been proposed, are those by Dr. M urchison, 
and Professor Sedgwick, in the group that has long been known under 
the general name of graywacke. The former gentleman, after years of 
study, has produced a splendid quarto, with a geological map, upon the 
upper memoers of these strata, which he denominates the Silurian Group, 
because it is well developed in the ancient British kingdom of the Silures. 
The lower members of the graywacke with some slates, Prof Sedgwick 
denominates the Cambrian System, because fully developed in North Wales. 
Phillips's Treatise on Geology, Vol. 1, p. 56. Prof. Sedgwick has recently- 
presented his views of the classification of all the stratified rocks below the 
old red sandstone. His first class, or the lowest, is denominated Primary 
Stratified Groups, comporehending gneiss, mica slate, quartz rock, &c. IBs 
second class h%calls Palaozoic ^ries: which is thus subdivided. 1. The 
Lower CUanbrian System. 3. The Upper do. 3. The Silurian System.' 
Philosophical Magazine, for 1838, p. 299. • 

Rem. 1. De laBeche objects to these substitutes for graywacke, except 
as mere local dengnations, on the ground that*it is unwise to change oid 
terms, until we can be sure that the new terms will answer for the whole 
earth. Report on the Geology of Cornwall and Devonshire, p. 38, London, 
loo9. 

Rem. 2. Dr. Buckland in his Anniversary Address before the London 
Geological Society in February, 1841, makes the following judicious re- 
marks u|K)n this subject. " The term ^ywacke," says be, " I rejoice to 
think, vnll not be condemned to the extirpation which has been threatene4 
from the nomenclature of geology : it may still retain its place as a generic 
appellative, coin|)rehending the entire transition series of the school of 
Freyberg and divisible into three great subordinate formations ; the Devo- 
nian System of Sedgwick and Murchison being equivalent to the upper 
graywacke ; the Silurian to the middle graywacke, and the Cambrian to the 
lower." Annals and Mag. of Nat. Hist. No. 40, Feb. 1841. p. 487. 

Discr. A classification founded upon palsontological principles has 

been suggested by several writers, and in the following table one of this 

character nas been added, copied chiefly from Mr. Lyell. It is believed 

that at least six groups of animals and plants, too unlike to have lived in 

he same condition of the earth, can be traced in the organic remains found 

4* 
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in the rocks. The fint fproup embraces the tMrtiarj strata ; the second, the 
cretaceoas ; the third, t£e oolitic; the fourth, the upper new red sandstone, 
embracing the limestone called by the Germans Muxhelkalk ; the fifth, the 
lower new red sandstone^ the coal formation, and the old red sandstone; 
and the sixth, the remaining fossiliferous strata. This arrangement, how- 
ever, will probably require some modifications, when organic remains shall 
be more extensively studied. LyeWs ElemenU of Geology^ p. 280. 

Rem. 1. The following table afibrds a synoptical view of most of the 
systems of classification that have now been aescribed. More fidl dd- 
scriptions of these systems may be found in the works referred to above. 
It should be recollected that these systems have been mostly derived firom 
the study of the rocks of Great Britain, and a part of the continent of 
Europe. But in their great outlines they are found to arolj almoet equally 
well to all other parts of the globe hitherto examined. Tms table embraces 
only the stratifiea rocks. The unstratified class will receive more attention 
in a subsequent section. 

Bern, 2. It was desiraUe thus early to describe the most imj^rtant 
systems of classification adopted by geologists ; yet in doing it, it was 
necessary to presume upon a knowledge of some iacts by the r^er, which 
have not yet been explamed. 

Rem. 3. A cursory view of the table is apt to convey the impression that 
almost every thing relating to the classification of rocks is unsettied, and 
that there is scarcely any agreement among the different systems. Some 
explanations and inferences, therefore, seem desirable, to present the 
subject in its true light. 

Prin. In jud^ng of a classification of natural objects, it is important 
that we distinguish natural from artificial characters. Thus, in- botany, 
plants may be divided into classes and orders depending upon the number 
and situation of the stamens and pistils of their flowers ; or upon the an- 
atomical structure of the plant. By the first arrangement we shall bring 
together plants the most unlike in their general properties; and therefore, 
there is no necessary connexion between those properties and the number 
and situation of the stamens, and pistils, and hence such characters are 
artificial or arbilrary. But those plants which are alike in anatomical 
structure, correspond in most of their properties; and Jbch characters, 
therefore, are natural. 

Inf. 1. In applying this principle to rocks, we find first, that their 
division into stratifiea and unstratified is natural : that is, it brings to- 
gether those kinds whose origin and other important characters are similar. 
Now we shall find that this division enters into nearly all the more recent 
systems of classification that have been described. 

Inf, 2. In the division of the rocks into fossiliferous and nonfossiliferous, 
all geologists agree : and in fact there is scarcely a possibility of disagree- 
ment on this point. So that here we have another important natural 
character as the basis of classification. 

Inf. 3. In nearly all the systems of classification, the larger formations 
coincide; which is a presumptive proof that they are natural; since so 
many different observers agree in forming their boundaries. These forma- 
tions ought perhaps to be regarded as the species in geology. 

Inf. £ Classification founded upon the relative age of difierent rocks. Is 
entirely natural, because all observers agree that tiiey were produced at 
difierent times. But as superposition and or^uoic remains are the only sa& 
criteria of relative age, there is ground for a oiversity of opinion in assign- 
ing places to the difiiarent formations ; since these criteria can be ascertained 
scHnetimes only imperfectiy. 

Inf, & Chaimcters dependent upon theoietical considerations rxe arti- 
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ficial, since few of the theories are so certainly settled as not to be liable 
to considerable modification. Hence such terms as primary, transition, 
secondary, tertiary, drift, &c. are objectionable, if they are not understood 
to refer simply to superposition. 

• Rem. Neology is often a greater evil in science than the continued use 
of objectionable terms ; continued, I mean, until terms are proposed which 
are so decidedly good as to force themselves into use. It is peiitly on this 
ground that the terms primary, transition, secondary, and tertiary, still 
continue in use. But it is partly, also, because, apart from theoretical views, 
there does exist in nature some foundation for a division of the rocks into 
groups of this sort. Still those more numerous groups or fi>rmations into 
whicn the best geologists now divide rocks, are much more natural ; and it 
is to be hoped tiuit they will soon come into general use, so as to exclude 
the terms primary, secondary. Sec. 

Inf. 6. Characters founded upon lithological distinctions are artificial, 
Ifor tne same reason that those derived from the number of stamens and 
pistils are bad in botany. 

Inf. 7. Discrepancy in classification oflen springs from carr3ring the 
subcfivisions of a formation too far, for the same reason that characters in 
botany and zoology could not be depended on, that were derived from the 
varieties of a species. 

Inf. 8. Finally, it appears tLat in all the essential principles 
of the classification of rocks, geologists are nearly agreea. Tney 
ell admit one class to be stratified and another unstratified : — 
one portion of the stratified rocks to be fossiliferous and another 
portion not fossiliferous. And they generally agree, also, as to 
the extent of the different distinct formations ; although some 
would make their number greater than others, — just as it is in 
respect to species in mineralogy, botany, and zoology. Now 
these three principles are all that are essential for classification ; 
and some of the best geologists, as may be seen by the table, 
limit themselves to these. But if others choose to subdivide the 
formations still farther, and to refer the groups to primary, se- 
condary, &c. classes, even though they differ widely here, it 
must nofe be hence inferred that they are at variance in respect 
to the essential principles of classification. 



SECTION 11. 

THE CHEMISTRY AND MINERALOGY OF GEOLOGY. 

T)escr. Of the fifty-four simple substances hitherto discovered, 
sixteen constitute by their various combinations, nearly the 
whole of the matter yet known to enter into the composition of 
the globe. They are as follows, arranged in three classes, ac- 
cor£ng to their amount; the first in each class being most 
abundant. 



44 SIKPLB SUBSTANCES III THS ROCKS. 

1 . Meialloidg, or the bases of the earths and aUuUies, 

• 1. Silicium. 2. Aluminiiim. 3. Potassiam. 4. Sodium. 
5. Magnesium. 6. Calcium. 

2. Metals Proper. 
1. Iron. 2. Manganese. 

3. Non Metallic Substances, 

1. Oxygen. 2. Hydrogen. 3. Nitrogen. 4. Carbon. 5. 
Sulphur. 6. Chlorine. 7. Fluorine. 8. Phosphorus. De la 
Beche^ s Researches in Theoretical Geology, p. 22. Amherst, 1837. 

Descr, The metallic substances mentioned above, united with 
oxygen, constitute the great mass of the rocks, consolidated and 
unconsolidated, accessible to man. Oxygen also forms twenty 
per cent, of the atmosphere, and one third part by measure of 
water. Hydrogen forms the other two thirds of this latter sub- 
stance ; and it is evolyed also from volcanos, and is known to 
exist in coal. Nitrogen forms four fifths of the atmosphere, and 
enters into the composition of animals, living and fossil. It is 
found also in coal. Carbon, however, forms the principal part 
of coal ; and it exists likewise in the form of carbonic acid in the 
atmosphere, though constituting, only one thousandth part 
Liebig's Organic Chemistry, p. 74. First Amer. Edition, 1841. 
and it forms an important part of all the carbonates, and is pro- 
duced wherever vegetable and animal matters are undergoing de- 
composition. Sulphur is found chiefly in the sulphurets and 
Bulpnates that are so widely disseminated. Chlorine is found 
chioily in the ocean, and in the rock salt dug out of the earth. 
Fluorine occurs in most of the rocks, though in small proportion. 
Still less is the amount of phosphorus, though widely diffused 
in the rocks and soils, and abundant in organic remains. 

Descr. Nearly all the simple substances above mentioned 
have entered into their present combinations as binary com- 
pounds ; that is, they were united two and two before forming 
the present compounds in which they are found. The following 
constitute nearly all the binary compounds of the accessible 
parts of the globe. | 

1. Silica. 2. Alumina. 3. Lime. 4. Magnesia. 5. Po- 
tassa. 6. Soda. 7. Oxide of Iron. 8. Oxide of Manganese. 
9. Water. 10. Carbonic Acid. 

^ Obs, It is meant only that these binary compoonds, and the sixteen 
riinplc substances that baye been enumerated, conBtitute the largest part 
of the known mass of the globe : for many other binary compounds, and 
fcobably all the known simple substances are found in small quantity in the 
locks; but not enough to be of importance in a geological point of view. 
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Descr. It has been calculated that oxygen constitutes 50 per 
cent of the ponderable matter of the globe, and that its crust 
contains 45 per cent, of silica, and at least 10 per cent, of alu- 
mina Potassa constitutes nearly 7 per cent, of the unstratified 
rocks, and enters largely into the composition of some of the 
stratified class. Soda forms nearly 6 per cent of some basalts 
and other less extensive unstratified rocks ; and it enters largely 
into the composition of the ocean. Lime and magnesia are dif- 
fused almost universally among the rocks in the form of sili- 
cates and carbonates, — the carbonate of lime bavin? been esti- 
mated to form one seventh of the crust of the globe ; at least 
three per cent of all known rocks are some binary combination 
of iron, such as an oxide, a sulphuret, a carburet, &c.; manga- 
nese is mdely dif^sed, but forms much less than one per cent 
of the mass of rocks. 

Descr. The following table presenti an approximate estimate of the 
mean amount of metallic bases and of oxygen in some of the important 
rocks. PhiUips^s Treatise on Geology ^ Vol. 1, i?. 24. ^^ 

100 parts of Granite — 52 Metallic Basis 48 Oxygen. 

« Basalt— 57 " 43 ^ 

" Gneiss— 53 « 47 « 

« Clay Slate— 54 1 " 46 " 

« Sandstone— 49 to 53 « 47 to 61 

" Limestone— 52 « 48 " 

Descr. The following table shows the approximate amount of silica 
and alumina in the most important rocks. 

Granite, 69,40 12,34 

Greenstone, 54,86 15,56 

Basalt, 52,00 14,12 

Compact Felspar, 55,50 21,00 

Gneiss, 70,96 15,20 

Mica Slate, 67,50 14,26 

Hornblende Rock, 54,86 15,56 

Talcose Slate, 78,15 13,20 

See De la Beckers Researches in Theoretical Creology^ p. 29 and 30. Also 
Traite ElemenUiire de Minerdbgie, par S, F, Beudantf Tome 1, p, 112. 
Paris, 1830. 

Descr. Seven or eight simj^e minerals constitute the great 

mass of all known rocks. These are 1, Gluartz; 2, Felspar; 3, 

Mica ; 4, Hornblende and Augite ; 5, Carbonate of Lame ; 6, 

Talc, embracing chloric and soapstone ; 7, Serpentine. Oxide 

of iron is also very common ; but it does not usually show itself 

till the decomposition of the rock commences. 

Obs. The student of geology should become very thoroughly conyersant 
with these minerals in all their modifications : for in the rocks their char 
racters are often very obscure. 

Descr. Other minerals forming rocks of small extent, or en- 
tering so largely into their composition as to modify their cha* 
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meter, are the following: sulphate of lime, diallage, chloride of 
sodium (common salt), coal, oitumen, garnet, schorl, staurotide, 
epidote, olivine, pyrites. 

Descr. A few 9f these minerals exist in so large masses as 
to be denominated rocks; ex. gr. quartz, carbonate of lime, &c.| 
but in general, from two to four of them are united to form a^ 
rock ; ex. gr. quartz, felspar and mica, to form granite. In some^ 
instances Uie simple minerals are so much ground down, pre-^ 
viously to their consolidation, as to make the rock appear no* 
mogeneous: ex. gr. shale and clay slate. 

Descr. Water constitutes a part of nearly all rocks ; but in 

most cases it appears to be mechanically combined ; for with one 

or two exceptions, it does not exist in the simjde minends that 

enter into the composition of rocks. 

Ola. In the simple minerals that have been enumerated, analysis 
has detected water only in the following. 

Sulphate of Lime (Gypsum), 19,88 per cent. 

Serpentine, 12,75 

Diallage, 8,90 

Talc, 4,20 

Pyroxene (a few yarieties), 3,74 

Mica, 2,65 

auartz, 1,62 

Ilornblende, 0,55 

Geological Situation of Useful Rocks and Minerals. 

Prin. The rocks and minerals useful in an economical point 
of view, arc iu a few instances found in almost every part of 
the rock series : but in a majority of cases, they are confined to 
one or more places in that series. 

Examples, 

Oramte. SmvUe^ and Porphyry : found intruded amone all the stratified 
rocks as nigh in the series as the tertiary strata: but they are almost en- 
tirely confined to the primary rocks. De la Beckys Mamuiiy p. 94. 

Greerutone and BasdU are found among and oyerlying all the primary and 
secondary rocks: but they are mostly connected with the secondary strata. 
MaccuUoch^s System of Geology, Vol 2, p. 102. 

Lava, some yarieties of wmch, as Peperino^ are employed in the arts, 
being the product of modem yolcanos, is fimnd occasionally overlying eyeiy \ 
rock in the series. ^ 

Clay : the common yarieties used fi>r bricks, earthen ware, {npes, &c., 
occur almost exclusively in the tertiary strata : but we have reason to think 
tome of them belong to the period of drift. Porcelain clay results from Uie 
decomposition of granite, and is found in connection with that rock. 

Marlf or a mixture of carbonate of lime and day, is confined to the 
alluvial and tertiary strata: and difien ficom many vaiietieB of limestone, 
only in not being oonsolidatod. 
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ZAmest&ne, from which every yariety of marble, one variety of alabaster, 
and every sort of quicklime are obtained, is fi>und in almost every rock, 
stratified and nnstratified, below drift. In the oldest strayed rocks 
and in the Unstratified, it is highly crystalline: and in the newest strata 
(ex. gr. chalk) it is often not at 3.1 crystalline. The most esteemed marbles 
are obtained from the newer primary and older secondary strata. 

Ser^erUine occurs chiefly m connection vrith the older stratified rocks. 
This IS generally the case m N. England. It is found, however, with some 
secondary rocks, and not unfrequently with trap rock. . 

Sulphate of lAmej or Qypsum^ which j^oduces one variety of alabaster, 
and is emf£>yed for takmg casts, forming hard mortar, and spreading 
upon land in the state of powder, occurs chiefiy in the new red sandstone 
series. It is found also in the lias, oolite, green, sand, and tertiary strata. 
In this country it is found associated with the oldest of ihe secondary 
(transition) rocks. 

Rock Salt (Chloride of Sodium) is frequently found associated with 
gypsum in the new red sandstone. It occurs also in the supercretaceous 
or tertiary strata; as at the celebrated deposite at Wieliczka in Poland; 
and in Sicily, and Cardona (Spain), in cretaceous strata: in the Tyrol, 
in the Oolites ; and in Durham, Elngland, salt springs occur in the coal for- 
mation. In the United States they issue from the Silurian rocks. Buck" 
lemd^s Bridgewater Treptise^ Vd. 1, ^. 72. De la BeMs Manual^ p. 246. * 

Descr, If vegetable matter be exposed to a certain de^e of moisture 
and temperature, it is decomposed into Uie substance called pecU^ which is 
dug from swamps, and belongs to the alluvial formation. 

lAgmie or Brown Coalf the most perfect variety of which is jet, is found 
chiefy in the tertiary strata; sometimes in the higher secondary; and 
appears to be peat which has long been buried in tho earth, and has under- 
gone certain chemical changes, whereby bitumen has been produced. It 
generally exhibits the v^etable structure. 

BUumirunis^ Coal appears to be the same substance which has been 
longer buried in the earth, and has undergone still farther changes ; though 
tneir precise nature is not well known. Its principal deposite is in that 

girt of the secondary series called the coal formation, or coal measures, 
ut it occurs in small quantity in the new red sandstone series, in England, 
Poland, and Massachusetts: and in Scotland it is worked in the lias 
limestone. A thick bed of it has also been found in the plastic clay of the 
tertiary strata in Hesse. Conybeare^s Report (1832) on GecHoey to the 
BrUisk Association^ p. 390. Also^ Philosophical Magazine^ Vol. 2. New 
SerieSf p. 101 a/nd 100. 

Obs. The French geologists describe a variety of coal intermediate in 
its characters and position between cannel coal and lignite: but it is 
doubtful whether on strict mineralojrical principles even lignite can be 
separated from bituminous coal. See Tableaux des TerraiTis par Al. Brong- 
ntartf and Traite Elementaire de Mineralogic par F. S. Beudard. 

The principal deposite of anthracite in Europe, is in the graywacke forma- 
tion; and it is supposed that this substance is common coal which has 
undergone still fartner changes and lost its bitumen. In this country, 
however, there is reason to suppose that the vast deposite of anthracite m 
Pennsylvania, the largest in the world, is associated with the common coal 
measures. See Prof. U D. Rog'eri Second Annual Report on the Geological 
ExpUn-ation qf the State of Penneylvaniaf 1838. 

The anthracite of Rhode Island, and^ the southeastern part of Massa- 
chusetts is in a rock wl^se exact place in the series has not been satis- 
fiictorily determined. BvK probably it may belong to the coal formation. 
In Worcester, the anthracite occurs in a sort of bastard mica slate. On 
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the MnUnenl of Euiope, It ocean a1» in miea «1at«, in piiiluuy luneftona 
and in gneiss, Mamillodt'a Sj/iUm rf Oeobiy, VoL 3, f. 296. 

Prof Alciander Brongniait describes & true anthrsdte u occnning in 
the plastic ciuj of Mount Meissner in Hene. This, however, appcKTs to 
have been foimed from bituminoue cos] bj the actiOD of igneoiu rocks; 
and such cases hare led some gcologista to suppose that uithnute vas 
always Ihus produced. It occurs in small quintities in almoat >U llu 
Btrntiiicd rocks frooi the oldest to the plastic clay. 

GraphUt, PlanlbagO, or Black Ltad, appeam to be anthracite nhicb bu 
undergone still fartiicr mineraliiation : at least, in Bome instances, when 
coal has been ibund contiguous lo igneoiu rocks, it is couveited into 

{lumbago; and hrnce such maj have been the origin of the whole of it. 
n the Alps ptumbani is found in a clair slate that lies above the Iki^ 
Armala da Sciaica Naturdla, Tome XV, 1838. p. 377. It is ibnod also 
In the coal formation. Traiit Elemmiidn dt I^nerali^U par F. 8. 
BoitUmt, Tomi 9, p. 263. 

Descr. All the varieties of coal that have heea doBciibed, 
occur in the form of seBma, or beda, interatratified with aandatones 
and shales : and most usually there are several aearas of coal 
with locka between them ; the whole being arranged in the form 
of a basin. Fig. 31, ia a sketch of the great coal basin of Soath 
IValea, in Great Britain ; which contains twenty-three beda of 
coal; whose united thickneaa ia ninety-three feet When we 
consider how much this arrangement facilitates the, exploration 
and working of coal, we can hardly doubt but it is the result of 
Divine Benevolence. 




Deser. The Diamond, which is pure crystallized carbon, has 
boon found associated with new red aandstona at Golconda in 
South America, and at Panna in India. Thia rock there is in 
proximity with, and baaed upon granite, and perhaps the ciTBtal- 
UjBtion of the carbon resulted from this cause. Edinburgh 
Journal of Science, Vol. X. j>. 184. ConybtaT^s Report on 
Ot^ogy, p. 395 and 398. In general, the diamond is found in 
flnftj having been removed from its oiiAial situation: and we 
P^y always presume that every nuneTBl existing in tha olds' 
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rocks will be found also in drift ^ because tbeir detritus must 
contain them. 

Inf. It has been inferred from titer preceding facts, tbat all 

the varieties of carbon above described, had their origin in veee- 

table matter ; and that heat and water have produced all tne 

varieties which we now find. Maceulloch^s System of Geology, 

Vol. 2. p. 297. 

Almost all the precious Btoaes, such as the sapjphire,^ emerald, spineli 
chrysoberyl, chrysopras& topaz, iolite, wnet^ toannatine, chalcedony, 
amethyst, &c. are found exclusively in we oldest and most crystalline 
rocks, dluartz in the various forms of rock crystal, chalcedony, carnelian, 
cacholong, sardonyx, jasper, &c. is found sometimes in the secondary 
strata, and especially m the trap rocks, asseciated with the secondary 
formations. 

Descr. Some of the metals, as platinum, gold, silver, mer- 
cury, copper, bismuth, &c. exist in the rocks m a pure, that is^ 
a metalhc state j but usuaHy they occur in the state of oxides, 
sulphurets, and carbonates, and are called ores. It is rare that 
any other ore is found in sufficient quantity to be an object of 
exploration on a large scale. 

Descr. These ores occur in four modes: 1. ht regular 
interstratified ktyers, or beds. 2. In veins or fissures, crossing 
the strata and filled with ore united to some gangue or matriic. 
8. In irregular mosses. 4. Disseminated in small fragments 
through the rocks. 

Descr. Iron is the only metal that is found in all the forma- 
tions in a workable quantity. Among all its ores, only four 
are wrought for obtaining the metal : viz. the magnetic oxide, 
the specmar or peroxide, the hydrated peroxide, and the proto- 
carbonate. 

Manganese occtrrs in the state of a peroxide and a hydrate ; — ^and is 
confined to the primary rocks} except an unimportant ore called the 
earthy oxide, which exists in earthy deposites. 

The most important ores of copper are the pyritous copper and the 
carbonates. These are found in the primary^ rocks, and as high in the 
secondary series as the new red sandstone; in one instance in tertiary 
strata. Wonders qf Geology, Vol. 2, -p. 651. 

The only ore of lead of much importance is the sulphuret. This 
generally occurs in the primary rocks both stratified and unstratified ; but 
It exists also in the newer rocks as high in the series as the lias. 

The deutoxide of tin is the principal ore oi that metal. This is most 
commonly ibund in the oldest formations of gneiss, granite, and porphyry : 
also in the porph]pies connected with red sandstone. It is founa likewise 
in quantity sumcient to be wrought in drift. 

Of ranc the most abundant ore is the sulphuret, which is commonlj^ 
associated with the sulphuret of lead, or galena. Other valuable ores are 
the carbonate, silicate, and the oxide, whicli occur in secondary rocks. 

The most common ore of antimony, the sulphuret, has lutherto been 
found chiefly in granite, gneiss, and mica slate. 

5 
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The jfnrincipal ore of mercury, the salpharet, ooeiUM chiefly in new red 
sandstone : — Bometimes in a sort of mica slate. 

Silver in its three forms of a sulphuret, a solphoret of silrer and anti- 
mony, and a chloride, has been found mostly in primary ^and transition 
slates : — sometimes in a member of the new red sandstone series ; and in 
one instance in tertiary strata. Wonders qf Oeohgy, Vol. 2, p. 651. 

Gold and platinum always occur in a metallic state ; and they have 
usually been explored in drift. They are often associated, however, 
with the older rocks ; and in this country especially, a gold deposite has 
been traced from Canada to the southern part of Georgia, and the metal is 
embraced in the talcose slate formation, m veins, usually of quartz. It is 
found also rarely in graywacke, and even in tertiary strata. 

Cobalt, bismuth, arsenic, &c. are usually found associated with sihrer, 
or copper; and of course occur in the older rocks. The other metak^ 
which, on account of their small economical value, and minute quantify, 
it is unnecessary to particularize, are also found in the older strata ; fi^ 
quently only disseminated, or in small insulated masses. 

Oba. An excellent and much more extended view of the geological 
situation of useful minerals, may be found in Beudant's T\mU EuStun' 
taire de Mineralogies T\nne Prenuer^ Lvort Quarticme : PariSy 1830. 

Inf. It appears from the facts that have been detailed respect- 
ing the situation of the useful minerals, that great assistance in 
searching for them may be derived from a knowledge of rocks 
and their order of superposition. 

Him, No geologist, for instance, would expect to find valuable beds of 
coal in the oldest crystalline rocks, nor in the tertiary strata ; but in the 
secondary fossiliferous rocks alone: and even here, he would have but 
feeble expectations in any other rock except the coal formation. What a 
vast amount of unnecessary expense and labor would have .been avoided, 
had men, who have searched for coal, been always acquainted with this 
principle, and able to distinguish the different rocks ! Perpendicular strata 
of mica and talcose slate would never have been bored into at great ex- 
pense, in seardh of coal : nor would schorl have been mistaken for coal, 
as it has been \ 

Hy no mineral substance have men been more deceived, than by iron 
pyrites : which is very appropriate!;^ denominated fools' gold. When in a 
pure state, its resemblance to gold in color is often so great, that it ia no 
wonder those unacquainted with minerals, should suppose it to be that 
metal. Yet the merest tyro in mineralogy can readily distinguish the two 
substances ; since native gold is always malleable, but pyrites never. This 
latter mineral is also very liable to decomposition, ana such changes are 
thereby wrought upon the rocks containing it, as to lead the inexperienced . 
observer to imagine that he has got the clue to a rich depository of mineral I 
treasures ; and probably nine out of ten of those numerous excavations that | 
have been made in the rocks of this country, in search of the precious; 
metals, had their origin in pyrites, and their termination in disappomtment, • 
if not poverty. This ore also, when decomposing, sometimes produces i 
considerable neat, and causes masses of the rock to separate vnth an ' 
explosion. Hence the origin of the numerous legends that prevail respect- 
ing lights seen, and sounds heard, in the mountain where the supposed 
tr^ure lies, and which so strongly confirm the ignorant in their expecta- 
'tion of finding mineral treasures. Now all this delusion would be dis- 
sipated in a moment, were the eye of a geologist to rest on such spots, or 
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were the elementary principles of geology more widely difluied in the 
eommonity. 

Another common delusion respects gypsum; which is as often sought 
am(»g the primary, as in the seconaary and tertiary rocks: although 
it is cioubtlul whether primary gypsum has ever been found. A few 
years since, however, a &rmer in this country supt)osed that he had dis- 
covered gypsum on his farm, and persuaded his neighbours that such was 
the case. They bought large .quantities of it, and it -was ground fat 
agriculture, when accidently it was discovered that it was only limestone : 
a fiiet that might have, been determined in a moment at first, by a single 
drop of acid. 

Caution. It ought not to be iBferred from all that has been 
said, that because a mineral substance has been found in only 
'One rock, it exists in no other. But in many cases we may be 
almost certain that such and such rocks cannot contain such and 
such minerals. Of these cases, however, the practised geologist 
can alone judge with much correctness, and hence the importance 
of an extensive acquaintance with geology in the community. 
An amount of money much greater than is generally known, has 
been expended in vain for the want of this knowledge. 

^ Obs. The chemical changes which rocks have undergone since their 
deposition, as well as the operation of decomposing agents to which they 
are now exposed, prooerly belong to the chemistry of geology. But these 
points will be deferred to subsequent sections^ because they will there be 
better understood. 



SECTION III. 

THE LITHOLOOICAL CHARACTERS OF THE STRATIFIED ROCKS. 

Def. The lithological character of a rock embraces its mine- 
ral composition and structure as well as its external aspect, in 
distinction from its zoological and botanical characters, which 
refer to its organic remains. 

Rem. I shall describe the stratified rocks under the names and in the 
order in which they are given in the Tabular Synopsis at the close of Sec- 
tion 1. They are, however, arranged into (xroups or Systems, nearly 
corresponding with those of Professor John Phillips. I have also arranged 
these systems, under the terms Alluvium, Drift, Tertiary, Secondary, and 
Primary; — ^not because I feel satisfied with these terms; but chiefly 
because they have become so incorporated with geological descriptions that 
their use is still convenient, and but little liable to leui the learner astray ; 
especially if he be forewarned against the hyoothetical intimations which 
they contain. 

1. ALLUVIUM. 

Descr. The following stratified deposits are tbe result of 
alluvial agency. 
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1. Soil 8. Siliceous Marl, or deposits of 

2. Sand. the skeletons of Infusoria. 

3. Peat. 9. Bitumen. 

4. MarL 10. Sulphate of lime. 

5. Calcareous Tufa, 11. Hydrate of Iron. . 

or Travertia 12. Hydrate of Manganese. 1 

6. Coral Reefs. 13. Chloride of Sodium (Sea Salt) ' 

7. Siliceous Sinter. 14 Geic Compound (Apothemite.) 

15. Sandstones, Conglomerates, and Breccias. 

PHtl Soil is disintegrated and decomposed rock, with such a 
mixture of vegetable and animal matter that plants will grow in it 

Proof. 1. We see almost every where the roclui cmmblmg down into 
soil. 2. Chemical analysis shows that the soils are composed generally of 
silica, alumina, lime, magnesia and iron, in ahont the same proportion as 
they are found in the rocks. Silica is much the most abundant ingredient 
3. The presence of organic matter is easily proved by burning it off. 

Descr. Vast accumulations of sand^ the result of alluvial 
agency, occur not merely in the bed of the ocean and in lakes, 
but also upon the dry land, where they are called dunes or 
dmons. These are composed almost entirely of silica ; and bs- 
ing destitute of organic matter, cannot sustain vegetation. 

Descr. The manner in which peat is formed has already 
been explained in general terms. (Section II.) When perfect- 
ly formed, it is destitute of a fibrous structure, and is, when wet, 
a fine black mud : and when dry, a powder. It consists chiefly 
of the, decomposed organic matter called geine or humic acidj 
with crenic and apocrenic acids, pbosophates, ha. part of which 
are soluble, and a part insoluble^ in water. These deposits of peat 
are sometimes 30 or 40 feet thick ; but they are not formed in 
tropical climates on account of the too rapid decomposition of 
the organic matter. 

Descr. Alluvial marl is usually a fine powder, consisting 
of carbonate of lime, clay, and soluble and insoluble geine ; and 
is found usually beneath peat in limestone countries ; sometimes 
at the bottom of ponds. It is produced partly by the decay of 
the shells of molluscous animals, and partly by the deposition of^ 
the carbonate of lime from solution in water. It contains nu- ^ 
merous small fresh water shells, and has received the name of 
shell marl. 

Method of detecting 'eakareotis maH. The great value of this substance 
in agriculture, and &e eonllision that previdls in its description, render it 
desirable to point out a test by which it can be distinguished. That test is 
an acid of some sort, the common mineral acids, oil of vitriol, aqua fortis, 
and muriatic acid being the best ; but strong vinegar will answer. If the 
substance effervesce, when the acid is apphed, we may be sure that it is 
genuine marl : otherwise not. 
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Otiher kiTuls of marls. Several other substances that eoiitain no carbo- 
nate of lime have often been denominated marl hj agriculturists and not 
without reason ; £)r they have produced effects analogous to those of calca- 
reous marl. But it se^ns very desirable that terms should not be applied too 
loosely, and I propose the following designations for these substances. 

Calcareous marl: that which contains carbonate of lime in any quantity. 

Siliceous marl: that in which silica predominates, and n^ calcareous 
matter is present. 

AUumiTums marl: that in which clay predominates, and no calcareous 
matter is present. 

Green sand marl: that which contains green sand. This is the sub* 
stance that has been of late employed with signal^ success as a fertilizer of 
land in New Jersey, Virginia, Delaware, &c. If it contain any carbonate 
of lime, the compound term Calcareo-green sand marl^ misht be employed. 

Method of searching for alluvial mart The presence of marl beneath a 
peat boff can be determined with a good degree of certainty, by plunging a 
pole, — the rougher the better, through the i>eat, until it reaches the solid 
bottom of the morass; and, on withdrawing it, some of the marl if 
any exist, will adhere to the sur&ce ; though a coating of the black mud 
may cover it. 

Descr. Calcareoris tufa or tavcrtin, is a deposite of carbon- 
ate of lime, made by springs containing that substance in 
solution. It forms a solid limestone, sometimes even crystalline, 
and of considerable extent ; so as to be used for architectural 
purposes. Thermal waters produce it most abundantly, as in 
Central France, Hungary, Tuscany, and Campagna di Roma: 
but it is also deposited by springs of the ordinary temperature, 
as at Saratoga and in the Appenines. Dr. Dauhen'i/s Report 
on Mineral and Thermal Waters, p. 56. London, 1837. Also 
De la Beckers Manual of Geol. p. 158. Also LyelVs Prin. Geol. 
Vol. % p. 198, Tavertin is also precipitated by rivers, as in 
Tuscany ; and at the mouths of rivers on the coast of Asia Mi- 
nor. JbyelVsPrin. Geology^ Vol. \, p. 397. Very similar are 
the concretionary calcareous deposits formed in caverns: tbose 
depending from the roof are called stalactites^ and those on the 
floor, stalagmites. 

Descr, Coral reefs are extensive deposits of carbonate of 
lime, formed by myriads of polyparia, or radiated animals, in 
shallow water, m the south seas. They form the habitations of 
these animals : and of course are organic in their structure. 

Descr, Siliceous sinter^ or tufa, is a deposit of silica, made 
by water of thermal springs, which sometimes hold that earth 
in solution. Successive layers of sinter and clay frequently oc- 
cuv, and these are sometimes broken up and recemented so as to 
form breccia Prof, J. W. Webster in the Edinburgh Philoso- 
phical Journal.^ Vol, VI, 

Descr, Siliceous marl, or the fossil shields of infusoria. Be- 
neath the beds of peat and mud in the primary regions of this 
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country, a deposit often occurs from a few inclies to several 
feet thick, which aknost exactly resembles the calcareous marl 
that is found in the same situation. When pure, it is white and 
nearly as light as the carbonate of magnesia: but it is usually more 
or less mixed with clay. It is found by analysis to-^be nearly 
pure silic^ and it turns out to be almost entirely composed oi 
the siliceous shields, or skeletons, of those microscopic animals 
called infusoria, or animalcular, which have lived and died in 
countless numbers in the ponds at the bottom of which this sub- 
stance has been depositea. 

licm. The discovery of this carious fact (concerning which more will be 

said in a subsequent section,) in relation to this country, was made by Prof. 

Bailey of West Point. American Journal of Science^ Vol. 35. p. 118. 

Analogous substances occur m Europe : and the most of that just described, 

appears to be identical with the Bergmehl of Prof Ehrenberg. 

'^'^ 
Descr. Some springs produce large quantities of bitumen in 

the form of naptha and asphaltum. Their localities and extent 

will bo described in a subsequent section. 

Dcscr, Although sulphate of lime very generally exists in 
the waters of springs, yet it is rarely deposited. One or two 
examples only are mentioned, where a deposit of this salt has 
been made : as at the baths of San Philippo in France. De la 
Beckers Manual, p. 158. 

Descr, Hydrate of iron or hog ore, is a common and abundant 
deposit from waters that are capable of holding it in solution ; and 
it appears also, that this ore is often made up of the shields of 
infusoria, which are often ferruginous. Wonders of Geology^ 
Vol 2. p, G60. 

Descr, The hydrate of manganes^e, also, by a somewhat sim- 
ilar profcess, is frequently deposited in the form of the earthy 
oxide, or wad, in low grounds : and it can hardly be doubted but 
it is an alluvial product. Report on the Geology of Massachvr 
setts, 2d Edition, p, 130. 

Descr, Chloride of sodium or rock salt, is very, rarely de- 
posited from its solution in water so as to be visible, though 
some have supposed that this deposition does take place exten- 
sively at the bottom of such seas as the Mediterranean. It is 
said, however, to accumulate in some of the cavities of the rocks 
along the shores of the Mediterranean, in such quantities as to 
be collected by the inhabitants. 

JRem. The Rev. Justin Perkins, American Missionary, who resides on 
the borders of the Lake Ooroomiah in Persia, states in a letter, that the 
water of the lake rises- five or six feet in the spring, and as it gradually 
subsides in the summer, " a veiy thin incrustation of salt^ is leu on the 
land that has been overflown." He was also informed by a Nestorian 
Bishop and others, that fi>r some years past, the mean level of the watens has 
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been rising ; and that formerly the deposit of salt was so ^reat as to form 
permanent alternating layers with sand. A specimen of this water just re- 
ceived, contains about one quarter part of solid salts. 

Rem. 2. The waters of lake EUton in Asiatic Russia, and of other lakes 
adjoining the Caspian Sea, have deposited thick beds of rock salt at their 
bottom. Daubenys Report on Mineral and Thermal Waters fat 1836, j?. 7. 
The same is true of lake Indersk on the steppes of Siberia. Vrt^s Gedoty, 
p, 373. 

Descr, In Essex County, Mass. a curious substance of alluvial origin has 
been deposited in low grounds, which appears to be essentially a p&rgeaie 
of iron, and which has received from Dr. t)ana, the name of apotkemUe. It 
will probably be found in many places, and seemed to deserve a passing 
notice among the products of alluvial action ; although for details I must 
refer to another place. Firud Report on the Geology o/MassachusetiSfP. 104. 

Descr. Alluvial sandstone^ conglomerate, and breccia, are 
formed by the cementation of sand, rounded pebbles, or angular 
fragments, by iron, or carbonate of lime, wbich is infiltrated 
through the mass in a state of solution. They arp not very 
common, nor on a very extended scale. 

Def, When sand is cemented, the solid mass is called sand- 
stone : rounded pebbles produce a conglomerate ot: plum pudding 
stone ; and angular fragments, a breccia. 

Def, The varieties of alluvium, that have been described 
may be regarded as a formation in the geological sense : and 
the period during which such a group is m the progress of de- 
position, that is, until some important chan^ takes place in 
the material or mode of production, is called a geological pe- 
riod : and the point of time when the change occurs, is called 
an epoch. 

2. DRIFT (formerly DILUVIUM.) 

Rem. There is more diversity of opinion respecting the origin of this 
formation, than on almost any other subject of geologv. Hence it has re^ 
ceived a great variety of names; such as diluvium^ arlft, baiolder formation, 
erratic bu)ck group^.. 4^. The term diluvium literally implies that it has 
been the result of a deluge, and is therefore, objectionable. The term 
drift appears at present to be preferable,- and is therefore used. 

Descr. The great mass of drift is composed of sand and gra- 
vel of different degrees of comminution, mixed together con- 
fusedly. This gravel is often not derived from the rocks be- 
neath it, but from those at a distance of. several miles, and in 
this country usually form led^ which lie in a north-westerly 
direction. The surface of this gravel is often scooped out into 
deep basin-shaped depressions, and raised into corresponding ele- 
vations, the difference of level being sometimes 20 or 30 and even 
100 or 200 feet. 

Descr. Scattered through this gravel, are rounded masses 
of rock larger than pebbles, which are called bowlders : and as 
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thay KM fMquand; foand tt gnat diBUnea from Uia jdoce of 
theu onEUi, v\«y ue alao denomiiuitad erratic blocks and lost 
Tocki. Uflentimas these boirUera lie iasnlktednpoa the surface, 
and even upon tho crests of mountains. 

Dff. When they happen to be thus insnUted upon other 
rocks, and so poiaed that a small force will make them oeciUate, 
they are called Todiing ittme). , 

Fig. 3i, uhiUlB a rocking itooe in the mst put oTBaire, Mua. j 

Fig. S2. 




Deser. On many plains through which no existing Btresm 
now passes, and lying over the gravel above described, we find 
thick beds of sabd and clay, deposited in a much more quiet 
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manner tKan common driflb, mid yet apparently near tKe close 

of the same period. The usual order of the series is, first and 

lowest, the coarse materials, then clay, then sand. Traiie EI&- 

mentaire Geologie, par M. Rozet, p. 256. Tome 1. 

\ Descr. Sometimes the drifted sand and gravel that h|ive 

been described, are consolidated into sandstone and conglome- 

'rate, by the infiltration of iron or carbonate of lime ; as in Pow- 

'nal, Vermont Report on the Geology of MassachtLsetls, Vol. 2, 

p, 354. Also Tableau des Terrains, p. 66. 

i Descr. Many of the most valuable of the precious stones 

and metals are found in drift ; such as the diamond, the sapphire, 

the topaz, the ruby, and the zircon ; as well as platinum, gold, 

and tin. Platinum, gold, and the diamond are explored almost 

exclusively in this formation. Tableaux des Terrains, p 

115. 

3. TBRTIA.RY STRATA. 

(Supercretaceous Choup of De la Beche. 

Historical Rem. Until the publication by Cuviei and Brongniart of theit 
memoir on the tertiary strata around the city of Paris, in 1810, these forma- 
tions were confounded with alluvium. Since that period, other similar 
deposits have been studied with diligence and success ; and it is found that 
tertiary strata occupy more than huf the surfitce of Europe; and in this 
country they embrace nearly all the level region in the eastern part of the 
middle and southern states. 

Descr, The tertiary rocks have been divided into four dis- 
tinct groups of marine strata, distinguished by important pecu- 
liarities in their organic remains, and separated from one anoth- 
er, by strata which contain fresh water and terrestrial remains. 
Auckland! s Bridgewa4er Treatise^ Vol. 1. p. 76. 

Bern, Marine strata are easily distingirished from those of fresh water 
origin, by the occurrence in the former of animals peculiar to the ocean, and 
in ue latter, of those peculiar te fresh water. 

J Descr. Mr. Lyell has divided these strata into four groups, 
to which he gives the names Eocene, Miocene, and Older and 

\New Pliocene. In the first, the number of shells identical with 
living species is very small, only 3.5 per cent. In the second 

'group, reckoning upwards, it is 17 per cent: in the older plio- 
cene, 35 to 50 per cent, and in the newer pliocene, 90 to 95 per 
cent. And by this character are the groups distinguished. 
LyelVs Elements of Geology, Vol. 1. p. 280. Other geolorists 
object to these characters as tfp indefinite. De la Beckers Theo- 
retical Geology, Chap. XVII. Phillip^ s Edinburgh Treor 
tise on Geology, p. 180. 
Descr. The tertiary rocks are in general distinctly stratified,^ 
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and the strata are usually horizontal In some cases, however, 

(as in the Isle of Wight and at Gray Head,) they are inclined at 

a large angle. 

Prin. All the stratified rocks appear to hare been originally 

deposited from i^ater. ,- 

Proof. Tho maimer in which the ingredients of these rocks are arranged, 
▼iz. in parallel strata and lamins, is precisely like that of the subaqueous 
deposits whkh are now forming in many localities, s6 that these latter need 
only to be hardened into stone, (when they are not already consolidated,) 
and in some cases rendered mofe crystalline, in order to he converted into 
the former. And by no other ajgent that we know of, by which rocks are 
formed, is a strati&d and schistose arrangement produced. Again, the 
materials composing these stratified rocks, viz. clay, sand, and carM>nate of 
lime, are very similar to those deposits which water is now producing. 
And further, the organic remains which many of these rocks contain, can 
be accounted for only on the supposition that the rocks enveloping them 
were deposited from water. 

Descr. Rocks are deposited by water in two modes : first, as 
mere sediment, by its mechanical agency, in connection with 
gravity : secondly, as chemical precipitates from solution. ^ 

Def. The first kind of rocks is called mechanical or sedimenr 
tary rocks ; the second kind, chemical deposits. 

Descr, As a general fact, the lower we descend into the rock 
series, we meet with less and less of a mechanical and more and 
more of a chemical agency in their production. The primary 
stratified rocks have generally been regarded as destitute ox 
every mark of a mecdanical origin except their parallel ar- 
rangement ; but in fact, the greater part of them are made up 
of the fragments of crystals more or less worn and cemented 
together. r. 

Rem. I possess specimens of mica slate, talcose slate, and quarts 
rock, from various parts of New England, which are made up of firag- 
ments as distinctly rounded by attrition, as tiiose of any fossiliferous 
conglomerate ; and these pebbles are cemented by similar materials in 
a finer state. Most of these specimens are associated with h^Uy in- 
clined strata of the oldest primary rocks in New England, ^hey are 
good examples of what are called meUm>or$Mc rocks. PkUUp^s Qeo^ 

Descr, In the fossiliferous rocks we sometimes find an alter- 
nation of mechanical and chemical deposits : but for the most 
part, these rocks exhibit evidence of both modes of deposit, act- 
ing simultaneously. • 

Rem. It is difiicult to concMve how any rock can be consolidated mthout 
more or less of chemical agency, except perhaps in that imperfect consolida- 
tion which takes place in argillaceous mixtures by mere desiccation. Even 
in the coarsest conglomerate there must be more or less of chemical union 
between the cement and the pebbles. 

Descr, In the tertiary rocks a mechanical agency decidedly 
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predominaies : neyertbeless, several beds are the result of chemi- 
cal precipitation ; as gypsum, limestone, and rock salt. 

Vescr* The varieties of rocks composing the tertiary strata 
are concretionary, tufaceous, argillaceous, and siliceous ; or lime- 
stone, marl, plastic clay, siliceous and calcare(^s sands, greea 
sand, gypsum, lignite, rock salt, and buhrstone. 

4. SECONDARY ROCKS. 

Def, Under secondary rocks, I include all the fossilifeious 
strata below the tertiary : that is, I embrace under secondary 
all those denominated by many writers secondary and transition. 
The entire want of agreement among geologists as to the upper 
limit of the transitidn class, proves to my mind that there is no 
mark in nature for fixing that limit. Some commence the 
transition rocks with the coal formation : others with the car- 
boniferous limest9ne : others with the old red sandstone : and 
others with the graywacke. 

1. Cretaceous System. 

Descr, In Europe this formation is usually characterised by 
the presence of chalk in the upper part, and, sands and sand- 
stones in the lower. In this country, chalk is wanting : yet it 
seems to be well established that the Ferruginous sand forma- 
tion is the equivalent of the chalk formation of Europe. Dr» 
Morton in Journal of Academy of Natural Sciences^ Vol, VI. 
Also American Journal of Sc fence, Vol. XVIL p. 274, and 
XVIII. p. 243. and XXIV. p. 128. 

Descr. The cretaceous system is thus arranged by Dr. 
Fitton : 

C Upper, 

Chalk. < Lower, 

f Marly, 

C Upper Green Sand, 
Green Sacnd. -< Gault, 

f Lower Green Sand, 
\ Weald Clay, 
Wealdcn. ^ Hastings Sand, 
f Purbeck Strata. 
Obiervalians 07i some of the Strata between the Chalk and Oxford Oolite in 
the South East of England, By W. H. Fitton, p. 105. London, 1836. 

Descr, Chalk is a pulverulent carbonate of lime, and its va- 
rieties have resulted from the impurities that were deposited with 
it The upper beds are remarkable for the great quantity of 
flints dispersed through them; generally in parallel positioa 
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Descr. Green Sand is a mixture of arenaeeoos matter, with 
« peculiar green substan^ greatly resembling chlorite, or green 
earth. 

CompasUufn, The cclonng matter of men sand haa been analyzed 
'with mach care by aeyeral dbtmgairiMa chemiata wi(h the followbg 
reaulta. 

FVenck Green jSand, Enghih Do. MassacktueUs Do. N. Jerieijy Do, 



ByM, 


By Prof. 


By Dr. S 


By JFrof. H. 


Berihier. 


Turner, 


li. Dama» 


D. Rogers.* 


SiUca, 50.0 


48.5 


56.700 


49.27 


Protoxide of Iron, 21.0 


22.0 


20.100 


24.67 


Alumina, 7.0 


17.0 


13.320 


7.71 


Water, ILO 


7,0 


7.000 


5.91 


Potassa, 10.9 


traces 




9.99 


Lime, 




1.624 


5.08 


Magneaia, 


3.8 


1.176 




Manganeae, 


traces Mid lo88= 0:060 





See Dr. FHtUm on the Strata below the CkaUc, p. 109. Alaoy Prof. H. />• 
Hogers^s Report on Vie Oeolqeiad Survey of N, Jersey , p. 47, et seq. Alto 
FHtuU Report on the GedU^ rfMassachusdts, 

Use of Green Sand. This substance has been applied within a few yean 
in this country with great success as a manure, esperaally in N. Jersey. If 
its fertilizing power depends on the potassa alone, the English and Massai- 
<;husetts deposits would be of no value ; but if, as some suppose, the oxide" 
of iron and Uie other ingredients assist in (his respect, it may prove of great 
importance. 

Descr. GauU or GaU, is a provincial name lor a Uue marble clay, or marl, 
forming an interstratified bed in the green sand of England. 

Descr. T%e Wealden Formation^ which has been found in the Souths 
east of England, chiefly in the wealds or woods of Sussex and Kent, 
is composed of beds of limestone, conglomerate, sandstone, and day. 
which abound in the remains' of fresh water and terrestrial animals, and 
appear to have been deposited in an estuary that once occupied that part of 
England. Similar beds occur in Scotland, and in a few places on the Euro* 
pcan Continent. 

Rem. Some of the most remarkable fiusts in fossil geology have 
been derived from this formation, which will be found described in Dr. 
MarUeWs Illustrations of the Geology of Sussex, ^c. And in his Geology 
of the Souih East of England ; tdso in Dr. Fitton^s Observations on ike 
Strata below the ChaJJc; and in Dr. ManteWs Wonders of Geology . 2 Vols, 
1838. 

2. Oolitic System. 

Descr. In many of the rocks of this series, small calcare^- 
ous globules are imbedded, which resemble the roe of a fish,, 
and hence such a rock is called roestone or oolite. But this 
structure extends through only a small part of this formation, 
and it occurs also in other rocks. 

Dascr, The oolitic series consist of interstratified layers 

* The mean of eisbt aaalyaes. 
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of day, sandstone, marl, and limestone. The upper portion, 

or that which is oolite proper, is divided into three systems or 

groups, called the upper, middle, and lower, separated by clay 

or marl deposits. 

Rem. Professor Phillips includes the wealden fonnation in the oolitic 
system. PhiUip^s Treatise on Geology ^ p. 132. 

DescT. The lowest member of the oolitic group is called 
lias^ and consists essentially of argillaceous limestone. 

Rem, The oolitic group is remarkable for the vast amount of cal- 
careous matter which it contains, and for the great number and variety of 
its organic remains. 

3. ScUiferous System. 

Descr, This group is composed of rocks which have some- 
times a slaty, and sometimes a conglomerate structure, with 
fine sandstones, interstratified with one another in endless varie- 
ty. In composition, the rock is siliceous, argillaceous, or 
calcareous; and often highly charged with red oxide of iron. 
The varieties in the color and appearance of these rocks are ex- 
ceedingly numerous, cuid usually tney exhibit a variegated aspect. 

Descr. In Europe writers enumerate five varieties of this 
rock. 1. Variegated marlj composed of indurated clays of va- 
rious colors, among which red predominates : sometimes the 
clay is black, sometimes bluish gray ; and gray sandstone and 
yellowish magnesian limestone are interstratified ; the whole 
forming the highest number of the series. 2. Muschelkalk, a 
gray compact limestone, occasionally dolomitic, lying beneath the 
marls and not yet detected except on the continent of Europe. 
3. Red or variegated sandstone. Its varieties of color are red, 
blue and green. Its composition is chiefly siliceous and ar- 
gillaceous, with occasional beds of gypsum, and rock salt. 
TNew red sandsdone, English Writers. Gres, bigarre^ 
French. Bunter sandstein ger.) 4. Zechstein. This consists 
of different varieties of limestone ; among which is the fetid 
limestone, friable marl, and copper slate. 5. New red con- 
glomerate : Exeter red conglomerate, A series of conglomerates 
and sandstones lying beneath zechstein, and above the coal 
measures : the fragments having been derived from the latter. 
( TodtliegendeSy rothe todt liegende ger,) 

Rem, Some of these varieties, as the muschelkalk and zechstein, are fre- 
quently wanting in this formation. 

4. Carboniferous System, 

Descr. This group embraces three extensive deposits, 

6 



62 CARBONIFEROUS SYSTEM. 

resting upon one anoUiei in tHe following order; beginning 
with tho uttermost. 1. Coal measures. These consist of 
iiTogularly intorstratified beds of sandstone, shale and coal. 
I'reqiiuntly these are deposited in basin-shaped cavities; but 
not always. These rocks abound in faults produced by igne- 
ous agency ; whereby the continuity of the beds of coal is in- 
to rr\iptod, and the difficulty of exploring for coal increased in 
some roHpocts * but in either respects facilitated ; so that upon 
tlie whole, faults are decidedly beneficial. 2. Carboniferous 
limestone, A gray compact limestone, traversed by veins of 
calcareous spar, and frequently abounding in organic remains. 
Kncrinitos are sometimes so abundant that the rock is called 
vncrinal limestone. It is also called mountain limestone, and 
metalliferous limestone, since in England as well as in North 
America, it abounds in lead ore. 3. Old red sandstone. This 
rock is composed mostly of conglomerate, but sometimes it 
becomes fine enough to be schistose : its prevailing color is red, 
and its thickness very variable. 

Hem. 1 . Some writers consider the old red sandstone as properly belons- 
ing to tho graywacke group. BakeioeWs Geology, p. 87. De la Bedims 
Manual, p. 414! Of late this formation is frequently denominated the Devo- 
nian Sj/stcm, because largely dcvelo])ed in Devonshire. 

Rcvi. 2. The coal mcapures exist in almost every country of much 
extent, and form one of tho most important sources of national wealth 
and happiness. In England not loss than G.000.000 tons of coal are 
yearly Taistnl from the mines of Northumberland and Durham ; at which 
rale they will be exhausted in about 250 years. In South Wales, however, 
is a coal field of 1*200 square miles, with 23 beds, whose total thickness is 
95 feet ; and this will supply coal for 2000 years more. BakeweXCs Geology^ 
p. 125. In Great Britain about 15.000 steam engines are in operation by 
the use of coal with a power equal to that of about 2.000.000 of men. The 
machinery moved by this power has been supposed equivalent to that of 
between 300.000.000 and 400.000.000 men by direct labour. Well may Dr. 
Dncklund say, " wc are almost astounded at theinfluence of coal and iron 
and stoiuD upon the fite and-ibrtuncs of the human race." Bridgewater 
Trealis^ Vol. 1. j?. 535. 

/?"/??. 3 Pro])ably no part of the world contains such immense beds of 
coal as the central parts of the United States. In 1837, not less than 900.000 
tons of coal were carried to market from the mines in Pennsylvania alone : 
and the working of theso mines has as yet only just commenced. The 
Koiitlierii anthracite basin of that state is 60 miles long and two miles broad, 
with an agjrregate thickness of 100 feet. Indeed, 30 out of 54 counties of 
tliat state arc in whole or in part based upon coal. But no one, who has 
not visited the state, can form any adequate idea of the quantity of the coal 
existing there. One bed alone, which probably extends through all the 
anthracite region, varies from 22 to 50 feet in thickness : while the thickest 
bed in England is only 30 feet. Prof. H. D. Roger^s Report on the 
G'^flloglcol Exploration of the state of Pennsylvania^ for 1838, |?. 84. Bake- 
wcWs Gcohgy^ p. 106. 
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5. Silurian System. 

Descr. As has been stated in tlie first section, the Silurian 
system, proposed by Mr. Murchison, embraces the upper mem- 
bers of that extensive deposit, which has long been known 
under the name of graywacke, and graywacke slate or shale. 
Its composition is arenaceous, argillaceous, and calcareous 
showing in all cases evidence of a sedimentary origin ; yet 
having been subjected to a more powerful chemical action than 
the rock above it. The materials are often exceedingly fine ; 
and then we have delicate slates ; yet usually of a dufl aspect. 
Sometimes they are very coarse, so as to form conglomerates ; 
and these two varieties are often interstratified. The lime- 
stones bear stronger marks of a chemical than a mechanical 
origin, and are frequently very crystalline. Sometimes they are 
argillaceous, and often slaty, and frequently concretionary. 
They abound in organic remains, as does, in fact, the whole 
formation. The slates are sometimes but not extensively divided 
by joints and cleavage planes ; though the original lamination 
of the beds by deposition is quite obvious. 

Rem. The subdivisions of the Silurian system, as proposed by Mr. 
Murchison, m&y be seen in the tabular synopsis of the different systems of 
classification given in the first section. It might be supposed that these 
would jpossess only a local interest. But Mr. Conrad, Falsontologist of the 
New York Geological Survey, is of opinion that he can not only identify the 
Silurian system generally vfiih rocks in that state, but also the subdivisions ; 
and he says that the system generally is more fully developed in this country 
Uian in England. Report of the Neio York Survey ^ for 1839, p. 200. For a 
full description of this vast formation in England, see the magnificent quarto 
of Mr. Murchison already referred to. He has recently traced this forma- 
tion over a vast area in the Russian empire, even as far east as the Uralian 
mountains. It occurs also, in Sweden and Norway; and a large part of the 
vast basin of the Mississippi is undoubtedly underlaid by rocks of this 
description. 

6. Clay slate and Graywacke System, (Phillips,) Cambrian and 

Cambrian Group, (Sedgwick). 

Descr, This extensive deposit, of vast thickness in Wales, 
embraces the lower part of the graywacke group, and the 
clay slate of other geologists. The whole of it is eminently 
argillaceous : but it varies from the finest clay slate to 
conglomerates, with fragments of quartz, felspar, mica, 
jasper, &c. half an inch in diameter. The cement, how- 
ever, is still argillaceous. These conglomerates, especially 
in the upper part of the series, are interstratified with the 
slates which hare been called graywacke slate md clay sl9t9. 
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In the north of England, where the system of strata is developed 
on an enormous scale, and forms tne splendid scenery of that 
country, these slates are so divided by joints and cleavage planes 
that the planes of deposition, or stratification and lamination, are 
very obscure. The lowest part of the system is composed chiefly 
of clay slate, which sometimes contains chiastolite and hornblende. 
In these lower states no organic remains have been found, and 
only about 30 species in the limestone interstratifled with the 
higher members of the series. These axe perfectly developed 
zoophytes and molluscs ; but no plants have been found. These 
are the lowest rocks, containing organic remains. Sedgwick in 
Geological Transactions^ Vol, 8. PhUlypis Treatise on Geology^ 
Vol. 1. p 124. 

Rem, 1. It is by no means certain that the Cambrian system of rocks 
ought to be separated from the Silurian : for although the or^tnic remains 
are quite different in the formeTi from those in the latter, yet the number is 
quite small. 

Rem. 2. In the tabular view of the classification of rocks, I have placed 
the skiddau or clay slate system of Prof. Phillips below the line separating 
the fossiliferous nom the non-fosaliferous strata. For in general it is 
certain that organie remains have not been found in clay slate, and Prot 
Phillips says uiat *' they are not found in the lowest group of Skiddau.*^ 
JVeatiss on Geology^ Vol, 1. p, 128. 

5. PRIMARY ROCKS. 

Rem. As the non-fossiliferous or primary rocks have no settled order 
of superposition, different writers will describe them indifferent orders. I 
shall give thorn in the order in which they most usually occur, especially in 
this country. 

1. Clay slate or argillaceous slate. This rock is composed 
of fine argillaceous matter which has a fissile structure, and in 
the most perfect varieties its surface is more or less shining from 
chloritic and plumbaginous matter. Its principal deposit has al- 
ready been described, as a part of the Cambrian system. But it 
occurs frequently interstratified with mica slate and quartz rock ; 
and must, therefore, be regarded as a non-fossiliferous primary 
rock. Yet on the other hand, it also occurs interstratified with 
fossiliferous graywacke. There seems, therefore, a necessity 
for regarding clay slate as belonging both to the fossiliferous and 
non-fossiliferous strata. The farther we recede from the line 
separating these two classes of rocks, towards the oldest, the 
more highly glazed does the clay slate become, until it passes at 
length insensibly into mica slate, talcose slate, or hornblende 
slate. But receding from that line in the other direction, its 
surface becomes more dull, and its texture looser, until it forms 
what is usually termed shale ; and if we follow It stifi higher up 
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in the series, it becomes gradually changed into unconsolidated 
clay. 

Rem. A variety of clay slate used for whetstones and hones is called 
whetstone sUUe. Some of the best hones, however, are compact felspar. The 
common notion that they are petrified wood, is utterly groundless. Graphite 
date or dramng stale ^ is a variety of clay slate that contains several per cent. 
of carbon. 

2. Quartz rock. This rock is essentially composed of 
quartz, either granular or arenaceous. The varieties result 
nom the intermixture of mica, felspar, talc, hornblende, or clay 
slate. In these compound varieties the stratification is re- 
markably regular ; but in pure granular quartz, it is often 
difficult to discover the planes of stratification. It is interstrati- 
fied with every one of the primary rocks, and also with gray- 
wacke: in which last case it often assumes a decidedly me- 
chanical structure : and even when a member of the primary 
series, this structure is sometimes visible. MaccullocJvs Prin- 
ciples of GpologT/y Vol, 2. p, 174. Also Geological Classification^ 
p. 317. 

Bern. The arenaceous varieties of this rock form good Jirestories : that is, 
stones capable of sustaining powerful heat. Some varieties of mica slate are 
still better. Gneiss of an arenaceous composition is also employed ; as are 
several varieties of sandstone of different ages. The firestone of the English 
green sand, is a fine siliceous sand cemented by limestone. Fitton on the 
Strata heUno the chalky p. 137. 

3. Hornblende slate. Hornblende predominates in this rock ; 
but its varieties contain felspar, quartz, and mica. When it is 
pure hornblende, its stratification is often indistinct, and it passes, 
by taking felspar into its composition, into a rock resembling 
greenstone. It occurs in every part of the primary series ; but 
its more common associations are argillaceous slate, mica slate 
and gneiss ; into which it passes by insensible gradations. 

Variety. Dr Macculloch describes actynolite schist^ as distinct from 
hornblende slate : but as mineralogists now regard the two minerals as only 
one species, it is unnecessary to separate the rocks. 

4. Talcose slate. The talc in this rock, "which is the essen- 
tial ingredient, and is sometimes in a pure state, is usually 
mixed with quartz and mica, and sometimes with limestone, 
felspar, and hornblende. It is associated sometimes with ar- 
gillaceous slate, and even graywacke : but usually, at least in 
tne United States, with mica slate, and rarely with gneiss. 

Varieties. Chloride Haie is only a variety of talcose slate, in which 
the talc is almost pulverulent and compact, of a green color, and in much 
larger quantity than the quartz. Steatite is often nothing but schistose, 
talc, which is adherent enough to be wrought, and at other times it is some- 
what granular, and slightly indurated. This is the valuable stone so ex- 
tensively used for furnaces, fire places, aqueducts, &c. under the name of 
toapstone or freestone, ^ 

6» ...-^ 
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O^. Most of the beds of steatite in New England, lie at the junction of 
talcose and hornblende and mica slate. 

5. Serpentine. This is usually regarded as a simple mineral, 
which contains about 40 per cent, of magnesia ; and it is in fact 
a hydrated silitate of magnesia. Most European writers de- 
scribe it among the unstratified rocks ; and no doubt it does 

^Irequently occur without any parallel division into strata, and in 
the form of veins. But the vast beds of it in the primitive 
regions of New England, are often distinctly stratified ; and I 
therefore follow Dr. Macculloch, who places this rock both 
in the stratified and the unstratified class ; because this arrange- 
ment corresponds best with its characters in Scotland. Tne 
truth is, serpentine appears usually to be a metaphoric rock : 
that is, a rock which nas been subject to so high a degree of 
heat as to change its characters ; and yet not so high as in all 
cases to destroy the marks of stratification which it originally 
possessed. Many of its largest masses in New Eng^foid are as* 
sociated with talcose slate near its junction with some other 
rock, especially hornblende slate. It is not a rock of much 
comparative extent. 

6. Primary limestone. Limestone that alternates with pri- 
mary strata is called piim^r^. Dr. Macculloch considers such 
alternation the only ae<jid<Kl proof that a limestone is primary. 
Principles of Gcolofff* VoU *i p. 209. Others, as De la Beche 
makes its primary character to depend more upon its crystalline 
state ; and hence assert that it occurs interstratified with 
fossiliferous rocks. Manual of Geology^ p. 435. It is generally 
white and crystalline, resembling loaf sugar so much as to be 
called saccharine. But in some situations it is dark colored, by 
being penetrated with other rocks, and also nearly compact ^ 

Rem. When this rock occurs in the unstratified class, and also in some 
of the older stratified ones, it is often nearly or quite destitute of strati* 
fication. (Ex. gr. the limestone beds in syenite in Newbury and Stone- 
ham, and in gneiss at Bolton, Massachusetts: also in hornblende slate in 
Smithficld, R. T. : and in granite, in St. Lawrence and Essex County, 
N. Y.) Hence it has been proposed to put primary limestone into the 
unstratified class. Prof. Emmon^s Report on the Geobgy of the Second 
District of Neio York, 1838, p. 196. In many cases, however, it is most 
dlHlinctly stratified : as for instance, in the bed lyins between strata of 
gneiss on Cole's Brook, in the west part of Middlefiela, in Massachusetts. 
I'hc interesting examples given by Prof. EmmcHis in St Lawrence County, 
in his report above referred to, do indeed prove that this rock may exist 
sometimes in the form of veins in granite. But looking at all the facts 
on the subject, they seem more satistactorily explained by supposing primary 
UiiieHtono a mL'tamorphic rock, like serpentine, which may therefore be 
fouiid both stratified and unstratified, than by regarding it as always unstra- 
fied and of igneous origin. 

7. Mica $late. This is a slaty mixture of mica and quartz, in 
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whicli ilia fonner predominates. Garnet and staturotide aro 
often so abundant in it, over extensive tracts, as properly to be 
regarded as constituents : hence tbe varieties, garnetijenms and 
staurotidiferousTDiQidkABiQ. This is one of the most commoxx 
and best characterized of the primary rocks. 

8. Gimss. The essential ingredients in this rock are quartz, 
felspar and mica. Hornblende is occasionally present. These 
ingredients are arranged more or less in laminae, and the rock is 
stratified. Where it passes into eranite, however, (which is 
composed of the same ingredients,) tne stratification, as well as 
the laminar arrangement, become exceedingly obscure ; and it 
is impossible to draw a definite line between the two rocks. 
Oneiss, as well as mica slate, is remarkable in some places for 
tortuosities and irregularities exhibited by the strata and lami- 
nae : while in other places these same rocks are equally distin- 
guished for the regularity and evenness of the stratification, by 
which they are rendered excellent materials for economical 
purposes. 

Varieties. Gneiss sometimes contains crystals of felspar, which give it a 
spotted appearance ; and this is called por^hyrUic gneiss. When talc takes 
the place of mica, tne rock is called protogtne. 

Rem. Gneiss is a rock of great extent in the United States : especially la 
New England. 

Ewril^ or compact feUpwr. Dr. Maccnlloch describes a stratified rock asso- 
dated with gneiss in Scotland, composed chiefly of compact felspar. De la 
Beche regards this as eurite, although most writers consider eunte as a mem- 
ber of the unstratified class. ( > 

Prin. If all the stratified rocks have been deposited from 

water, as we have seen, the layers must have been originally 

nearly horizontal. 

Proof. Deposits now taking place rarely have an inclination greater 
than 10^ over any considerable extent of surface : though in some mvora* 
ble circumstances, as when sand accumulates outward on a steep shore, 
the strata may be inclined as much as 40^. But a little care will enable 
any one to distinguish such cases from the effects of subsequent elevation ; 
and it still remains true, as a general fact, that deposits now forming have 
only a slight inclination. h 

Inf. Hence if we get the perpendicular thickness of a series 

of strata we ascertain the character of the crust of the globe to 

that depth. 

Expl. If we measure the breadth of a series of upturned strata, on a line 
at right angles to their strike, and ascertain their dip, we have given the 
hypothenuse and angles of a right angled triangle to find the perpendicular, 
which is the thickness of the strata. If the strata are perpendicular, a 
horizontal line across their edges give their thickness. . 

Facts, By measurements and calculations of this sort, it haS 
been ascertained that the total thickness of the fossiliferous 
strata in Europe, is not less than 6 or 7 miles. In Ptonnsylyaniai 
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fossiliferous rocks beneath the top of the coal measuTes, are 
40,000 feet, or more than 7.5 miles, in thickness. Prof, Roger ^$ 
Report on the Geology of Pennsylvania for 1838, f, 82. 

Descr, In the peninsula of Tauris, Pallas describes a contin* 
ued series of primary strata, inclined 45^, over a distance of 86 
miles ; which would give a perpendicular thickness of more than- 
68 miles. LyeUs Prin, GeoL Vol, 2. 443. In New England, as 
for instance, on the railroad between Westfield and Pittsfiekl 
we have strata of primary rocks, for the most part nearly per- 
pendicular, not less than 20 miles in thickness. 

Rem. 1. It ought to be recollected, that the primary strata hare been 
subjected to Ux more numerous disturbtmces than the secondary and 
tertiary; and, therefore, all such measurements as the above, are liable 
to give results not a little erroneous : since the strata may be so shifted as to 
be measured twice. In the example last quoted Uiere may exist, as shown 
on page 37, one or more folded axis. Such sections, however, as those 
mentioned above, indicate, after dU allowances are made, a great perpendicular 
thickness. 

Rem. 2. Dr. Buckland estimates the total thickness of all the stratified 
rocks in Europe to be at least ten miles. Bridgewater TYeaiise, VifL 
1. p. 37. 

Inf. We see from these statements how groundless is the 
ojpimon, that geologists are able to ascertain the structure of 
the earth only to tne depth that excavations have been made, 
which is less than a mite ; especially, when we recollect, that 
the unstratified rocks are uniformly found beneath the stratified; 
and since their igneous origin is now generally admitted, it can 
hardly be doubted that they come from very great depths ; so 
that probably the essential composition of the globe is known 
almost to its centre. 



SECTION IV. 

LITHOLOGIOAL CHARACTERS AND RELATIVE AGE OF THE VM- 

STRATIFIED ROCKS. 

Prin. The differences among the unstratified rocks result 
from two causes. 1. A difference in chemical composition. 2. 
The diversity of circumstances under which they were produced. 

Descr. All the varieties of those rocks pass into one another 
by insensible gradations, even in the same mountain mass ; giv- 
ing rise to encQess varieties, which cannot be described minutely 
in a treatise like the present. 

Descr, The two predominant and characteristic minerals in 

the unstratified rocks, are felspar, and augii^, or hornblende. 

Rem. The recent researches of Rose and Mitscherlich, render it 
probable that augite and hornblende are only varietiea of the same mineral 
species, which acquire their diflferent crjsCaUine fbrms and other characteristic 
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differencefl, in consequence of a difference in the rate of cooling ttaok a state 
of fusion : — the former crystallizing mj^dlj, and the latter slowly. Rose 
fluted hornblende, and found that on cooling it took the form of ausite. 
JjyeWi Elements of Geology, Vol. 2. p. 192. l*hiUips*s Treatise on GeoSgy, 
Fm. 2. p. 54. 

Descr. The following arrangement of the unstratified rocks, 
founded upon the relative quantity of felspar and augite or 
hornblende, which they contain, has been suggested by Pro£ 
Phillips : Treatise on Geology, Vol. 2. p. 57, and is liable 
only to the objection, that we have not a knowledge of the 
composition of the older rocks sufficiently perfect, to make it 
certain that they are all put into the right place in the classifica- 
tion. 

Division 1. Felspaihic. 

Felspar alone, or but slightly mixed with augite, hornblende, 
hypersthene, diallage, &c ^ 

Ancient, Modern. 

Granite and most Porphyries. Trachyte. 

Division 2. 

Felspar in nearly equal proportions with augite, hornblende, 
hypersthene, &c. 

Ancient* Modern. 

Syenite and Greenstone. Graystones of Scrope. 

Division 3. 

Augite, hornblende, hypersthene, or diUage, predominates 
.over felspar (or olivine.) 

Ancient. Modem. 

Basaltic series of most authors. Basaltic series of Scrope. 

Descr. On the same principles, that is, mineralogical con- 
stitution, Mr. Scrope has divided the products of extinct and 
active volcanos into three kinds : 1, Trachyte, which is fel- 
spathic : 2, Graystone, or a mixture of felspar and iron : 3, 
Basalt, which is augitic. Girardin (Considerations General sur 
les Volcans, p. 13,) divides these products into the trachytic 
formations, (terrain,) the basaltic formation, and the lava for- 
piation. 
ti Def The melted matter that is ejected from a volcano, or 
remains within it, is called lava. Hence it is not improper to 
apply the term to any rock that is proved to have been m a melt- 
ed state. But it is usual to confine it to the more modem un- 
stratified rocks, such as have been ejected from a crater. ; 

Rem. The igneous origin of all the unstratified rocks is now so generallj 
admitted, that we may toke it for granted : and make it the baiis of chuh 
ittcation. The proof, howeTer, wiU be pretented in a sabaequent secticni. 
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Deter. Lava cooled rapidly, and not under pressure, forms 
glass, or scoria : but cooled slowly, and under pressure, it be- 
comes crystalline. Now the older unstratified rocks, sucb as 
granite, syenite, porphyry, and greenstone, are more or less 
crystalline : whereas oasalt, trachyte, and other products of ex- 
isong Yolcanos, are compact or cellular. Nor have we any but 
presumptive proof, that the former class are now produced by 
leneous action. Hence it is inferred, that they were cooled un- 
der a vast pressure of the ocean and its subjacent beds : and 
hence they are called flnionic rocks: whereas the latter are 
denominated volcanic rocks, Phillip^s Treatise on Geology^ 
Vol. 2, p. 52. LyelVs Elements of Geology, Vol. 1, p. 11. 

Prin, There is strong reason to believe that in some in- 
stances as in Saxony, and in Sutherlandshire, and Arran in 
Scotland, granite has been protruded through the strata after 
it became solid. LyelJUs Elem. Geol. Vol. 2, p. 370. Solid 
basalt was protruded in a similar manner, according to Von 
Buch, in the year 1820, in the island of Banda, in ^at quan- 
tities. Description des Isles Canaries^ ^c.^ par L. de Buch, p. 
412. Paris, 1836. Also Am. Bib. Repos. Jan. 1840, p. 34. 

Ods. The most impoitant of the unstratified rocks will now be described 
in an order as nearly cnronolc^pcal (beginning with the oldest) as the piesent 
state of our knowledge will admit 

1. Granite. 

Descr. The essential ingredients of this rock are quartz, 
felspar, and mica Its prevailing colors are white and flesh- 
colored. In some cases the materials are very coarse, the crys- 
talline fragments being a foot or more in diameter. In other 
cases, they are so fine as to be scarcely visible to the naked 
eye : and oetween these extremes, there exists an almost infinite 
variety. The fine grained varieties are best for economical 
uses : but the coarser varieties abound most in interesting sim- 
ple minerals. 

Varieties. Oraphic granite is composed of quartz and felspar, in which 
the Ibrmer has an arrangement which makes the surface of the rock exhibit 
the appearance of letten, as in Fig. 33. When granite contains distinct 
crystals of felspar, it is called porphyritic. When the ingredients are blended 
into a finely granular mass, with imbedded crystals of quartz and mica, it has 
been called by the French writers, ewiie. Pegmatite is a granular mixture 
of quartz and felspar. 

2. Syenite. 

Def. Syenite is composed essentially of felspar, quartz, and 
hornblende, the first predominating. When mica is also present, 
the compound is frequently denominated syenitic granite. 
Traiie JElemeMtaire de Geologies jtar M. Rozetl, Tome 1, p, 482. 
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Ois, I. A great de&l of caoftuioa and i£T«n)ly of oiHnian hu ei- 
kted in respect to the nature snd position of Bjiuiite. Maccnllach mikei 
it to conaiat of felspsr (compact or common} homUeDdo and qnuts ; and ba 
limits it to the OTerljing or trap family, and conddera the analogon* 
compounda aasociatcd with grsnite, as merely varirtiflB of the latter. In 
N. EnglaDd, BDch a dialinction wonldbever; difficolt, bdm the «ama «m- 
liDaoiu £>iiiiiBlioD of ayenite, ■■ ■omdimea eounected, oo the one hand, with 
granite, and on the other with porphyry and ereenMone. MacciiBocA'i 
I of Hocks, p. 512. 

Fig. 33. 
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In Upper Egypt (ao much emidoyed in aMcisnt monomeiit*,) frtan ii 
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ihfi name of lyenita was deriyed, was nothing but granite with Mack 
mica, and also that Mount Sinai in Arabia was composed of genoine 
syenite, a French geolo^ proposed to substitute Sinai for syenite:— 
but the suggestion, which was certainly a good one, has not ben 
adopted. 

Obs. 3. Most of the syenite so fiunous in N. England fi>r architectural 
purposes, as that from Gtnincy and Cape Ann, is composed of felqiar, 
quarts and hornblende, the latter frequently disa|^)earing. 

3. Porphyry. 

Def. Rocks with a homogeneous, compact, or earthy base, 
through which are disseminated crystalline masses of some oth- 
er mineral of contemporaneous origin with the base, are denom- 
inated porphyry. True classical porphyry, such as was most 
commonly emmoyed by the ancients, has a base, of compact fel- 
spar, with imbeaded crystals of felspar. When the base is 
greenstone, pitchstone, trach3rte, or basalt, the porphyry is said 
to be greenstone porphyry, pitchstone porphyry, trachytic por- 
phyry, and basaltic porphyry. The base is sometimes clinkstone, 
or claystone, and the imoedded crystals may be felspar, augite, 
olivine, &c. 

Tnf. Hence the term porphjny designates only a certain form 
of rock, but does not refer to any particular kind of rock. When 
porphyry is spoken of in general terms however, felspar is 
usually meant. 

Obs. The name porphyry signifies purple^ noQq>vga^ such 

having been the most usual color of the ancient porphyries: 

but this rock exhibits almost every variety of color. It is the 

hardest of all the rocks ; and when polished, is probably the most 

enduring. 

Dcscr. Claystone ia an earthy compact stone of a purplish color, appear- 
ing like indurated clay. Compact felspar^ sometimes called pdrosilex^ is a 
hard compact stone of various colors; fusible before the common blow 
pipe, and often translucent on the edges, like homstone. Its predominant 
ingredient appears to be felspar, (cUtik^one or phonolite ;) or fissile petrosUex^ 
a greenish or greyish rock, diviuing into slabs or columns, ringing under 
the hammer, and apparently a variety of compact felspar. Hamst^me is a 
compact mineral, often translucent like a horn : of vanous colors : in hard- 
ness and fracture approaching flint : infusible before the blow pipe : and 
hence composed chiefly of silica. Comean is between homstone and com- 
pact fclsp&r, compact and homogeneous; supposed to consist of felspar, 
quartz and hornblende. All these substances form the basis of porphyry ; 
and hence we have clinkstone porphyry, homstone porphyry, claystone 
porphyry, &c. When black augite mrms the base of porphyry, it is called 
Tfielaphyre, 

4. Greenstone, 

Descr. Several unstratified rocks, whose principal ingredients 
are felspar and hornblende or augite, are eallea trap Rocks : 
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from the SwedisH word trajypa, a stair : because they aie often 
arraneed in the form of stairs or steps. Although the term 
trap IS loosely applied, most writers limit it to the varieties of 
rocK called greenstone, syenitic greenstone, basalt, compact fel- 
spar, clinkstone, pitchstone, wacke, amygdaloid, augite rock, 
hypersthene rock, trap-porphyry, pitchstone porphyry, and tufa. 
Macculloch includes claystone and syenite. System of Geology^ 
Vol 2. 1?. 80. 

Descr. Greenstone is ordinarily composed of homblendd 
and felspar, both compact and common, the former in the greatest 
quantity. 

Deuf, The term dotefUe has been used by the geologists of contmen* 
tal Europe, as equivajent to sreenstone. But aiicording to Rose, doleiitd 
consists of black augite and jLabrador felspar: to which Iieonhard adds 
iron. Diorite is another name for a variety of greenstone, which Rose 
says is composed of albite and hornblende in grains.^Bnt albite and 
hornblende axe sometimes called andesite.—^jyt. Macculloch calls those 
varieties of greenstone Which have a green color, augite rack; because augite 
is the predominant ingredient ; but the auffite rock of Leonhard is dmost 
wholly augite. When hypersthene takes the place of hornblende, he calls 
the compound hypersthene rock. System of Chology, Vol. 2. p. 108, 110. 
When greenstone is composed almost entirely of hornblende, the rook 
is denominated hornblende rock. When the grains of felspar and horn- 
blende are ^uite coarse, it is called syenitic greenstone, which often takes 
quartz into its composition, and passes into granite.— All the above rocks 
are frequently porphyritic ; and hence we have augitic, or pjioxenic por« 
phyiy, dioritic porphyry, &c. 

5. Trachyte* 
Descr. Trachjrte is of a whitish or grayish color, usually 
porphyritic by felspar crystals, and essentially composed of 
glaBsy felspar, with some hornblende, mica, titaniferous iron, 
and sometimes augite. Beudanfs Traite de Mineralogie^ Tome 
1. J). 566. LyelVs Elements of Geology^ Vol. 2. p. 199. Its 
name is derived from the Greek, rgaxyg, rough, from its harsh- 
ness to the touch. It was an abundant product of volcanic ac- 
tion during the tertiary period, and usually appears to be older 
than basalt, although trachitic lavas have continued to be ejected 
down to the present day. Trachyte occurs in Auvergne and 
Hungary, and in vast quantities in South America : but not in 
the United States. It constitutes the loftiest summits of the 
Cordilleras. Humboldt s Geognostical Essay on the Superposi" 
Hon of Rocks, p. 423. 

Descr. Trachyte in an earthy condition, as it occurs in the Pays de 
Dome, in Auverpne, is called domite. Trachyte is usually poxphyxitic, audi 
hence we hate Sraduytic porphyry. 

6. Basalt. 

Descr, This rock appears to be composed of augite, fekpof) 

7 
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%r\A titaniferous iron ; and sometimes olivine in distinct grains. 
Its color is black, bluish, or grayish ; and its texture compact 
and uniform ; — ^more so than greenstone. Augite is the predomi- 
nant ingredient Probably in some cases, hornblende takes the 
place of augite ; but from the nature of these two minerals, this 
can be regarded as of little importance. Basalt passes insensibly 
into all other varieties of trap rocks. De la BeMs Manual of 
Geology, p. 453. LyelVs EJements, Vol. 2, p. 197. 

Rem. It is often asked whether basalt occurs in the United States. ^ The 
lithologieal characters of some of oar trap toAa can hardly be distinguished 
from those of bandt: yet it is not nrobaole that any of our trap rocks are as 
recent as the basalt of Europe ; ana hence our geologists usually re&r them 
to greenstone. 

7. Amygdaloid* 

Deser. This temL like porphyry, is not confined to any one 
sort of rock; but indicates a certain form, which extends 
through all the trap family. Amygdaloid abounds in rounded 
cavities, like the scoria ana pumice of modem lavas, and these 
are often filled with calcareous spar, quartz, chalcedonv, zeolites, 
and other minerals, which have taken the shape of the cavity : 
so that the rock appears as if filled with almonds, and hence 
the name from the Latin, amygdala^ an almond. These cavi- 
ties, however, have sometimes been lengthened by the flowing 
pf the matter while melted, so that cylinders are found several 
inches long. When they are not filled, the rock is said to be 
vesicular. 

Descr. A soft variety of trap rock resembling indurated 
clay, is called wacke, wnich may or may not be vesicular. 
From its resemblance to the toad probably, it is called in Der- 
byshire, toadstone. 

Rem. The slaty grajrwacke in the vicinity of Boston, as at Brighton and 
Hlngham, is converted into decided amygdaloid, without losing wholly its 
laminated structure. The same is the case with the red sandstone Hying 
beneath the greenstone near Connecticut river. In the latter case, however, 
the cavities are rarely filled. 

] Prismatic, or Columna/r Structure. 

*> Descr, One of the most remarkable characteristics of the 
trap rocks, is their columnar structure. This consists in the 
occasional division of their substance into regular prisms, with 
sides varying in number from three to eight, usually five or 
six, whose length is sometimes not less than 200 feet. They 
are sometimes jointed ; that is, divided crosswise into blocks, 
from one to several feet in length : whose extremities are more 
or less convex or concave, the one fitting into the other. Usu- 
ally these columns stand nearly perpendicular, and when worn 
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%mj on the side, tke^ present naked- walls which appeu liks 
fke work of art. They stand so closely compacted togethet, 
that thoueh perfectly ssparahle, there is no peiceptiblA spKca 
between them. The thickness of the columns vaiies fiom one 
to five feet 

Retn. 1. The 'concave eitreniitT ia iMaalty upq^eimtxt Bot >t 'ntan'a 
I^, St tha foot of Mount Hat joks, in Ha^ey, kjiihi of the colunmi u* t 
eonvei «t Ibe top. The fidlowlns ikatch, Hg. 34, ihowa Ih^ appcannee i 
at the Qianf ■ CauMwajr in IreUnd. 

Fig. 34. 




Rem. 3. The cohmnar and trqpoaa Sxnm «f baialt and greenitone 
bare produced tome of Ibe moat reauukaHa Mener^r ea <!» slobe. Fingal'a 
Cave in tha iaiand of Stafh, (one of the Weatein bhnda of Scotland,) 
and the Giant's Cuuaway in the north of Inland, are almaal too well 
known to need description. OitXa ia ccsnpaaed cntiral; of baaatt with a 
thin aoil, and ita aborea an Stt the most put a iteep cliff, 70 feet hidi, 
finoKd oTcolomna. TIm ea*a ia a ehaspi (in these cotuiimaj4S feet wQc^ 
and 307 feet lens, fanned by the actioB of the waTea. Tha feUowing 
•ketch fig 35 wul convey an idea of the litQatioa of the cave and of the 
general atractDre of the isluid 
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Rg. 36, giva HiDMi Idea of [he aj^ieuuice of ut oTothuisiiif gmm of 

rfir^™* cohunai d > phew on Mount Ho];obe in MnmcmueUi, WUeh 
h>Te dmominaled TUon'ii'uLU'a. Thi lowor end oft he ddumm, •stand 
row* of which project over the obwrTer'e heftd, ue BzfUi&lol in null a 
mmner w to liteMnt a cooTex «nrGtM downwoida. 



Fig. 36. 




Doer. The Giant'i CuMway eonort* of an iiregnlar group of penta- 
^nal cotDmna, frcaa one to five feet thkk, and firom 30 to 900 feet high, 
lointed as luaal. Where the sea hu had acceis to them, their npper 
portiona are worn away, nhile the lower part remains exlendlng an un- 
Itnown diatance beneath the waves, and seeming the ruin of eomo ancient 
Work of art, too mighty for man, and therefore referred to the nanta. 
Here alio ia a caTo of couaiderable extent. OtelagKal Tyansadui'aj, Vol. 4. 
Kern Ssria. 
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Bern. 3. When a trap vein, or dyke, is columnar, the oolomns often 
be horizontal, or rather perpendicular to the sides of the vein : and tiius 
is produced a wall of stones, regularly fitted to one another and laid up, 
apparently by man : while often a decomposition of the sur&ces of the 
blocks, produces a powdes resembling disintegrated mortar. A wall of 
this sort was formerly discovered in Rowan County, North Carolina, 
which projected above the rock which it travereed, m consequence of 
the decay of the rock, and it was for a long time confidently betieved to 
be a work of human skill, provins the former existence there of a powerful 
and civilized people. Dykes of mis description are very common in the 
State of Maine. 

Rem. 4. Gbreenstone columns standing upright, or leaning only a &w 
degrees, are quite common in North America; and form some of our 
most interesting scenery. The most extensive formation of this sort appears 
to be in the country west of the Rocky Mountains, where the Columbia 
riverpasses through mountains of trap, (not improbably of basalt,) firom 400 
to 1000 feet high ; and where several successive rows of columns afe super- 
imposed one upon another, separated by a few feet of amygdaloid, con- 
glomerate, or breccia. Parker's Journal of an Explarmg linr beyond the 
Rocky MouTiUdnSy p. 208. Ithaca^ 1838. 

The Palisadoes on the banks of Hudson river, are another example of 
greenstone columns. They exist also on Penobscot river ; and very perfect 
examples occur on Mount Holyoke and Tom, on Connecticut river, an ex- 
ample of which has been given in Fig. 36. 

Prin, The columnar structure of the trap rocks, has resulted 
from a sort of crystallization while they were cooling under 
pressure from a melted state. 

Proof 1. Precisely similar columns are found in recent lavas. 
Wonders of Geology, Vol. 1. p. 248, 250, and Vol. 2, p. 640. 
2. Mr. Gregory Watt melted 700 pounds of basalt and caused 
it to cool slowly ; when globular masses were formed, which en- 
larged and pressed against one another until regular columns were 
the result BakewelP s Geology, p. Ii6. 

8. Serpentine. 

Descr, This rock has been already described in the section 
on the stratified rocks, and the reasons stated for placing it in 
the stratified as well as the unstratified class. 

Descr. DiaUage rock, which is the euphotide of the French, the gabbro 
of the Italians, and some ophiolites of Brongniart, is essentially composed 
of felspar and dialiage : but it sometimes contains serpentine, mica, and 
quartz. Dialiage and serpentine are very nearly allied. OpkUe is a green 
porphyritic rock, with a base of hornblende and felspar, (the former 
greatly predominating,) and containing crystals of hornblende. It passes 
uito serpentine by a mixture with talc. Ophiccdce (French), is composed 
of limestone and serpentine, with talc and chlorite. Under this rock is 
arranged the beautiful verd antique marble, such as occurs in Newbury 
and Middlefield in Massachusetts, and at New Haven and Milford in 
Connecticut. Brongniart* s Tableau des Terrains, ^e. p. 325. Cipclin is 
a saccharine limestone which contains mica, or talc, as a constituent. This 
ferms several interesting varieties of marble. Rozi&z Draiie EUmmMn df 
Cfeohgie, p. ISl, Tome 1. 

7* 
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9. Lava. 

Descr. Lava, as remarked in another {dace, embraces all thei 

melted matter ejected from volcanos: and the two minerals 

felspar and augite, constitute almost the, entire mass of these 

products. When the former predominates, light colored lavas 

are the result : when the latter, the dark varieties. The former 

are csHed felspathic or trachytic, and the latter, augitic or basal- 

tic lavas. 

Rem. Other simple minerals occar in lava. Thus in the products of 
Yesuvins alone, not less than 100 species have been detected ; but they form 
80 inconsiderable apart of the whole mass, as not to deserve consideration in 
a general view like the present. 

Descr, Trachytic lava corresponds in most of its characters 
to the trachyte of the older igneous rocks. When cooled under 
pressure, solid rock results ; out when cooled in the air, it is 
porous, fibrous, and light enough to swim on water, as is the case 
with pumice, large masses of which are found sometimes in the 
midst of the ocean. Sometimes it is porphyritic, like the older 
trachytes. 

Descr. In like manner the basaltic or au»tic lavas exceed- 
ingly resemble the more ancient basalt; ana are in fact the 
same thine, produced under circumstances a little different 
When cooled under pressure, compact basalt is the result ; but 
cooled in the open air, they are scoriaceous or vesicular, and 
are usually called scoriae. 

Descr, Graystone lava is a lead grey or greenish rock, 

intermediate in composition between basaltic and trachytic 

lavas : but the felspar predominates, being more than 7b per 

cent. When albite takes the place of common felspar, the lava 

is denominated andcsitic. 

Descr. Vitreous lava, has a fracture like glass. Obsidian seems to be 
merely melted glass. Pitchstmie is less glassy, with an aspect more like 
pitch. It is usually composed of felspar and augite, and oflcn passes into 
oasalt. Its composition however varies. 

Descr. The small angular fragments and dust of pumice, 
(which is vesicular trachytic lava,) and of scoriae, (which is 
vesicular basaltic lava,) which are produced by an eruption, 
falling into the sea, or on dry land, and mixing with sand, gra- 
vel, shells, &c. and hardened by the infiltration of carbonate of 
lime or other cement, constitute the substance denominated 
tuff. When this rock occurs with trap, it is called trap tuff; 
and when with modern lava, volcanic tuff. If it contain large 
and angular fragments, it is called volcanic breccia, AVhen the 
fragments are much rolled, the rock is a tufaceous conglomerate. 
The basaltic tuffs are denominated by the Italian geologists, 
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peperino. A kind of mud is poured out of some volcanic craters, 
which forms what is called trass, 

Tkscr, Sometimes, especially at the great volcano of Kairauea^ on tlie 
Sandwich Islands, when lava is thrown into the air, the wind spins it out 
into threads, resembling flax, and drives it against the sides of the crater. 
This is called volcanic glass ; and by the natives of Sandwich Islands, Pele^s 
hair ; Pele having formerly been regarded as the presiding divinity of the 
volcano of Kairauea. 

Descr. Other substances ejected from volcanos are frag- 
ments of granite and other rocks, scarcely altered ; cinders and 
ashes of various degrees of fineness, which are often converted 
into mud by the water that accompanies them ; also sulphur in 
a pure state ; various salts and acids; and several gases ; among 
which are the hydrochloric, sulphurous, and sulphuric acids ; 
alum, gypsum, smphate of iron and magnesia, chloride of sodium 
and potassium, oi iron, copper, and cobalt ; chlorine, nitrogen, 
sulphuretted hydrogen, &c. &c. 

Descr, The unstratified rocks, as a general fact, are more fusi- 
ble than the stratified ; and of the unstratified the fusibility in- 
creases in passing from granite along the scale to modern lava. 
This is owing to the fact that the quantity of lime, and some- 
times of alkali, is greater in the more recent rocks; for these 
substances act as a flux. 

Relative Age of the Rocks, 

Prin, In the- stratified rocks the relative age of the different 
groups is determined by their superposition ; the lowest being 
tne oldest : but in the unstratified rocks, there is reason to be- 
lieve a reverse order exists : that is, the oldest member of the 
series lies immediately beneath the stratified rocks ; the next 
oldest beneath this; and so on, till we reach the lava of existing 
volcanos ; which probably comes from a greater depth in the 
earth than any other unstratified rocks. 
Mlus. Fig. 37, will more clearly illustrate this proposition. 

Prin. The ages of the unstratified compared with those of 
the stratified rocks, are determined by ascertaining how far the 
former have intruded upward among the latter. 

lUtis. If for instance, we never find the veins of a particular igneous 
rock shooting upward higher than the primary rocks, we may infer that it is 
older than the secondary strata, but newer than the primary; because the 
latter must have existed prior to the intrusion of the unstratified rock. 
And so, if an igneous rock is intruded only into the primary and secondary 
strata, we may infer that it is older than the tertiary strata, and newer 
than the secondary ; and so on with the groups still higher. Hence the 
igneous rocks, a, a, Fig. 37, formed during the deposition of the primary 
strata, whose veins extend no higher than ^oie strata, may be called, (to 
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»dopt the phraieology of Mr. Lydl,) the primarff jiuttmic ; dioH daring (he 
deposition of the Kcoudiirf Mnta, b, b, wDoce veim do notentei the leitiuj 
>erie«, the leamdary fluitanic ! thne duting the depoaition of the tertiur 
■tnta, c, c, the temary pbUanui uid Iais bom active Tolcuioa, d, d, the 
rtcmi ptutmie. 

Fig. 37. 




0/ lie Sflalitt Agt of Iht Uralralified Boda. 

DescT. In reality, however, we do not find varietieB of un- 
stratified rocks whose veins are thus distinctly confined to eacb 
of the great classes of rocks, though there is evidence that vol- ' 
canic agency was active during all the periods of their deposi- 
tion. But the same igneous rock appears to have been ejected 
at different epochs. Granite, however, seems to have greatly 
predominated during the first or primary period ; and is found 
only occasionally during the seconaary period ; though in a few 
instances (at Weinbohls) syenitic granite has been protmded 
through the chalk, but never among the tertiary strata. Per- 
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phyry appears to have been mostly confined to the period of the 
latest primary, and the older secondary (transition) rocks. Trap 
rock predominated in the secondary and tertiary periods, while 
volcanic rocks, in the common acceptation of the term, began 
to be protruded during the tertiary period, and continue to the 
present time. 

Rem. It is obvious, that with the exception of lava, the above rule 
for determininff the relative age of the stratified and unstratified rocks, does 
not show us when the latter l^gan to be empted, but only when their erup- 
tions ceased. 

Inf. From the phenomena that have been detailed respect- 
ing the unstratified rocks, it has been inferred that the condition 
of the earth, both internal and external, must have been different 
at different epochs ; so as at one period to be peculiarly favor- 
able for the production of granite and syenite, at another of por- 
phyry, at another of trachyte, at another of basalt, and finally 
at another of the lava of extinct and active volcanos ; and hence, 
that the older igneous rocks, (ex. gr. granite, syenite, &c.) are 
no longer produced, except perhaps in the deep recesses of the 
earth. 

Proof. 1. The greater abundance of granite and syenite associated with 
the primary than with the newer strata, and of trap and volcanic rocks 
with the higher formations. 2. The almost entire identity between 
the chemical constitution of granite and the primary stratified deposiui 
indicates some general and common cause for the ori^ of both : while 
the difTerence of ultimate constitution between granite and the newer 
stratified rocks, particularly in the greater quantity of lime in. the latter, 
indicates a difference of origin. 3. The gradual and insensible passage, 
on ah extensive scale, of granite into gneiss, hornblende, slate and mica 
slate, indicates some general cause for their production, and that the 
diversity existing between them, has resulted from slightly modifying 
circumstances : while no such transition of any consequence between 
granite and the newer stratified rocks has ever been discovered. 4. 
Granite and the trap rocks differ so much in chemical constitution, as to 
show that they mhst have originated from different masses of matter. 
Thus, granite contains about 20 per cent, more of silica than greenstone ; 
about 3 per cent, less of alumina ; 8 per cent, less of magnesia ; 7 per 
cent. less of lime; and two per cent, less of oxide of iron. 5. The 
correspondence between the chemical composition of the fo;»iliferous strati- 
fied and the trappean and volcanic rocks ; that is, we find in both classes 
a diminution of nlica and an increase of alumina, magnesin, and lime. 
6. In consequence of containing much more of silicate of lime, the trap rocks 
are more fusible than the granitic: so if we admit that the internal tem- 
perature of the earth has diminished, we might expect that the former would 
remain in a melted state afler the latter had all been consolidated. De la 
Beckers TTteoretical Geology^ p. 305. 

Opposite HijpoUiesis. Mr. Lyell maintains that unstratified rocks of every 
description may now be forming at various .depths in the earth, even in the 
same relative quantity as at any former period ; and that the different de- 
grees of pressure and other circumstances under which the melted matter is 
cooled, are sufficient to explain the differences of composition and lithological 
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charaeten which they exhibit It is not pretended, however that there is 
anj poeitiye eyidence in &vor of this supposition : that is, none of these re- 
cent JPlutonic rocks have ever been seen. lAfiXi Elements OeoUfgy, Vol. S. 
jp. 347. 

Geological Maps and Sections, 

Descr. Common or physical maps fona the basis of geolo* 

fical ones : and when the former are inaccurate, the latter must 
e so too. The chief difference between them is, that on a geo- 
logical map the different rocks found in the region delineated 
are shown either by dots, crosses, circles, &c. or more usually 
by colors. The only exception is, that when the nature of 
the subjacent rock can be determined, diluvium is usually 
omitted. 

Descr. Some geological maps designate only the classes of 
rocks : but these are very imperfect, and the best maps show 
the extent of each rock. 

Descr, The dip of the strata, (which of course determines the strike,) 
is sometimes shown upon a ffeolo^cal map. This is usually done by an 
arrow, which points in^ the direction of the inclination. If the strata are 
perpendicular, it may be represented by the lines crossing at right angles ; 
one of which is shorter than the other. If the two lines are equal, so as to 
form a cross they indicate horizontal strata. An anticlinal axis is shown by 
a straight line crossed by an arrow with two heads. Where the strata un- 
dulate a good deal, the body of the arrow may be crooked. De la BeMs 
Manual of Geology ^ p. 602. ; 

Rem. The best geological maps hitherto published in Europe, are 
Greenough's map of England and Wales; Elie de Beaumont s and 
Dufrenops France ; Hoffman's Northwestern Grermany ; and Oe3rnhanseD. 
La Roche, and Von Dechen's Rhine. In this country, Maclure's Greological 
' Map of the United States, although it exhibits only the great classes of 
rocks, yet considering the early penod at which it was executed, must be 
regarded as very valuable and a work of inmiense labor. The geological 
surveys now going on in most of the States, have idrcady produced Maps 
of Mlassachusetts, Rhode Island, New Jeisey, and Tennessee ; and othen 
arc in a state of great forwardness. 

Descr. A geological section represents a vertical cut in the 
earth's crust, so as to exhibit to the eye the rocks in their na- 
tural and relative situation. The most valuable sections of this 
sort are those copied from cliifs, on the sea coast, or the banks 
of rivers. But usually it is necessary to construct them from 
what we can learn of the rocks and their dip at the surface ; 
presuming that they continue the same to the depth of the sec- 
tion. Such sections, therefore, are somewhat ideal: but if 
carefully constructed, we may be sure that we are not far from 
the truth. 

Descr. It is usually necessary to emi^oy two scales in constructing see* 
tions : one for^heights, and the other for horizontal dirtancee: otherwise the 
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sections must be of great extent, or the heights would be scarcely percepti- 
ble. On the other hand, two scales produce distortion : so that great caution 
18 necessary, not only in the construction of sections, but in drawing infer- 
ences firom them. 



SECTION V. 

PALAONTOLOOY, OR THE SCIENCE OF ORGANIC REMAIN!). 

"Def. In all the stratified rocks above the primary, more or 
less of the relics 4)r traces of animals and plants occur, some- 
times calledj)etrifactions, but more commonly, organic remains, 

Def. Tnat branch of geology which gives the history of 
these remains^ was formerly denominated oryctology ; but is 
now cfii\!^Sipalaontotogy. 

1. General Characters of Organic Remains, 

Descr: In a few instances, animals have been preserved en- 
tire in the more recent rock.< 

Exam. About the beginning of the |)resent century, the entire carcass of 
an elephant was found encased in frozen mud and sand in Siberia. It 
was covered with hair and far, as some elephants now are in the Himalayah 
mountains. The drift along the shores of the Northern Ocean, abounds 
with bones of the same kind of animals : but the flesh is rarely preserved. 
Cuvier's Essay on the Theory of the Earthy p. 253, New YorJc^ 1818. De 
la BeMs Marmal of Oeolhgy^ p. 200. In 1771, the entire carcass of a 
rhinoceros was dug out of the frozen gravel of the same country. Bake- 
veWs Geology^ p. 331. 

Descr. Frequently the harder parts of the animal are pre- 
served in the soil or solid rock, scarcely altered. 

Rem. Many well authenticated instances are on record, in which 
toads, snakes, and lizards, have been found alive in the solid parts of 
living trees, and in solid rocks, as wcU as in travel, deep beneath the 
•nrfi^. But in ^ese instances the animals undoubtedly crept into such 
places while young, and after being grown could not get out. Being 
▼ery tenacious of ufe, and probably obtaining some nourishment occa- 
ffionally by aeazing upon insects that might crawl into their nidus, they 
might sometimes contmue alive even many ^cars. But such examples can 
not come under the denomination of (Hrgamc remains. See an interesting 
paper on this subject by Dr. Buckland, m the American Journal of Science, 
Vol. 23, p. 273. 

Descr. Sometimes the harder parts of the animal are partiaUy 
impregnated with mineral matter ; yet the animal matter is still 
obvious to inspection. 

Descr, More frequently, especially in the older secondary 
rockS; the animal or vegetable matter appears to be almost 
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entirely replaced by mineral matter, so as to form a gentdni 

pelrifaction. 

Rem. Probably in every caae, however, a chemical process would show 
the presence of considerable organic matter. Parkinsons Organic Renumu 
of a l'\)i7Hcr IVorld, Vol. 2. p,ll8i. 

Descr, Sometimes after the rock had become hardened, the 
animal or plant decayed and escaped through the pores of the 
stone, so as to leave nothine but a perfect mould, 

Descr. After this mould had been formed, foreign matter 
has sometimes been infiltrated through the pores of the rock, 
so as to form a casi of the animal or plant when the rock is 
broken open. Or the cast might have been formed before the 
decay of the animal or plant. 

Descr. Frequently the animal or plant, especially the latter, 
is 80 flattened down that a mere film of mineral matter alone 
remains to mark out its form. 

Descr, All that remains of an animal sometimes is its track 
impressed upon the rock. 

Descr, The mineralizer is most frequently carbonate of 
lime ; frequently silica, or clay, or oxide, or sulphuret of iron, 
and sometimes the ores of copper, lead, he, 

2. Nature and Process of Petrifaction* 

Def Petrifaction consists in the substitution, more or less 
comploie, by chemical means, of mineral for animal or vegetable 
niuttur. De ia Beckers Theoretical Geology y Chapter \dr, 

Descr, The process of petrifaction goes on at the present 
day to Homo extent, whenever an animal or vegetable suostance 
is huriod for a long time in a deposit containing a soluble 
luinornl Hubstanco that may become a mineralizer. 

N.vam. 1. Clay containing sulphate of iron, will, in a few years, or even 
nionthH, produce a very |)errcptiblo change towards petrifaction in a botoe 
hurit'd in it. Bfil'nrrirs Otviosftf^ p. 19. Some spnngs also hold iron in 
Holution ; and vegetable matters are in the process of time thoroughly 
rhnnj^od into oxide of iron. This is seen often where bog iron ore is yearly 
do|K)Hitii)g. 

NxfUH. D. M. Goppert placed fern leaves caieftdly in clay, and exposed 
the clay for some time to a red heat, when the leaves were made to 
ronomhlo petrified plants found in the rocks. Wonders of Cfeology, VoL 
i2. /). 51)1. 

JlifjkitAetieiU Exam, 3, M. Patrin and Brongniart suggest that the petri- 
fying process may sometimes be effected " suddenly by ue combination of 
gaseous fluids with the principles of organic structures." Wonders of 
(hoh^t;^ Vtd. 3. p. 550. Some facts render this probable. For stems of a 
soft and succulent nature are preserved in flint ; and the young leaves of a 
palm tree in a state just about to shoot forth, have been fiwnd oompletehr 
sUlcW*«1. rA*^Ws£kmenttqf€hol0ry, Vof :.; «> 
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9« Means of deterntining He Nature of Ofganic Remains. 

Priiu The first requisite far deterBuning tlie character of 
organic remains, is an accurate and extensive knowledge of 
zoology and botany. This will enable the observer to ascertain 
whether the species found in the rocks are identical with those 
now living on the globe. 

Prin. The second important requisite is a knowledge of 
comparative anatomy : a science which compares the anatomy 
of different animcJs and the parts of the same animals. 

jfiem. Ir This recent science reveals to us the astonishing fiict, 
that so mathematically exact is the proportion between the different 
parts of an animal, '* that from the character of a single limb, and even 
of a single tooth, or boAe, the form and proportion of the other bones, 
and the condition of the entire animal may be inferred." — " Hence, not 
only the frame work of the fossil skeleton of an extinct animal, but also the 
character of the muscles, by which each bone was moved, the external form 
and figure of the body, the . fi)od, and habits, and haunts, and mode of life 
of creatures that ceased to exist before the creation of the human race, can 
with a high degree of probability be ascertained." Buckland^s Bridgeioater 
TVeoMge, VoL 1. p, 109.r See alW)- Cuvier's OsSemens FossUes, Tome 1. p. 47. 
TVoisieme Edition. 

Rem. 3. It is clear from the preceding statement, that no individual can 
hope to possess in himself all the requisites for successfully determining 
organic remains. For the field is too large lor any one to hope to become 
famitiar with all its parts. Hence, at thi» day, it is customary for ther 
geologist to resort for aid to the botanisf, the a^logist, and Uie eomparative* 
anatomist. 

4. Classification of Organic Remains. 

Prin. Organic remains may be divided, according to their 
origin, into three classes : 1. Marine. 2. Fresh w^ater. 3. 
Terrestrial. 

Hem. 1. The lajst class appear in most instances where they occur, to 
have been swept down by streams from their original situation into estuaries ; 
where they were mixed with marine relics. Sometimes, perhaps, they were 
quietly Sdomerged by the subsidence of the land. 

Rem. 2. The following table will show the origin of the remains in the 
different groups of fossiUferous rocks. 

Cambrian and Silurian Systems > Marine. 

(Graywacke.) J Rarely Terrestrial. 

Old Red Sandstone. Marine. 

Carboniferous Limestone* Do. 

Coal Measures. Terrestrial Estuary Deposits. 

and submerged land. Rarely perhaps fresh water deposits. 

New Red Sandstone Group. Marine. 

Oolitic Ghroup. Mostly Marine. 

but in a few inetaooM, Terrestrial. 

Wealden Rocks. Estuary Deposit. 

Cretaceous Group. " Marine. 

8 
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Tertiary Strata. Marine axul Frgi hWate r, 

Diluyiwn. Teiieilinil 

Inf. It appears from the preceding statements that hy 
far the greatest part of organic remains are of marine ori- 
gin. Nearly eJl the terrestrial relics indeed, and many of 
fresh water origin, have been deposited beneath the waters of 
the ocean. 

6. Amount of Organic Remains in the EartKs Crust. 

Bescr. The thickness in feet of the fossiliferous strata in 
Great Britain, as given in the tabular view of the stratified 
rocks, is as follows. 




Tertiary Bltata, 1350 feet 

Chalk, 600 do. 

Green Sand, 480 do. 

Wealden Gmiup. 900 do. 

Oolite— mean thickneea, 1330 do. 

Lias, 1060 do. 

New Red Sandstone, 900 do. 

Macnesian limestone, 300 do. % 

Co^ Measures, 3000 do. 

MiUstone Grit, 900 do. 

Carboniferous Limestone, 1800 do. 

Old Red Sandstone, 9900 do. 

Silurian Rocks, 7470 do. 

Cambrian System, 9000 do. 

Total, 34.080 feet ; or about 6.5 miles. 

Rem. 1. We have already seen that Prof. Rogers makes the £»»• 
liferous rocks in this country below the coal measures inclusive, 40.000 
feet thick. 

Descr, Organic remains occur more or less in all the fossi- 
liferous strata whose thickness has been given. As a matter 
of fact, they have been dug out several thousands of feet below j 
the present surface. J 

/ Vescr. In the Alps, rocks abound in organic remains from. 
6000 to 8000 feet above the level of the sea : in the Pyrenees,; 
nearly as high ; and in the Andes and the Himalayas, at the1 
height of 16.000 feet. 

Descr. Frequently beds or layers of rock, many feet in 
thickness, appear to be made up almost entirely of the remains 
of animals or plants : indeed, whole mountains, hundreds and 
even thousands of feet high, are essentially composed of organic 
matter. 
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Descr, Prodigious accumulations of the relics of microscopic 
animals are frequently found in the rocks. 

Exam. 1. From less than 1.5 ounce of stone, in Tuscan j, Soldani 
obtained 10.454 chambered shells, like the Nautilus :«-400 or 500 of 
these weighed only a single grain ;:and of one species it took 1000 to make 
that weight. These were marine shells. BuckUm^s Bridgtwater Treaiist^ 
VoL 1. p. 117. 

Exam, 2. In fresh water accumulations a microscojnc crustaceous ani- 
mal called the cypris, often occurs in immense quantities ; «s in the 
Hastings sand and Purbeck limestone in England, where strata 1000 
feet thick are filled with them : and in Auvergne, where a deposit 700 
itet thick, over an area 20 miles wider and 80 in length, is divided into 
layers as thin as paper by the exuvie of the cypris. Same Work, p. 118. 

Exam. 3. But perhaps the most remarkable example is that derived from 
the recent discoveries of the Prussian naturalist Ehrenberg, respecting 
the fiwsil remains of animalcula. In one place in Germany is a oed ll 
feet thick, made up of the shields of animalcula so small, that it requires 
41.000.000.000 of them to fbrm a cubic inch ; and in another place, a 
similar bed is 28 feet thick. In Massachusetts, are numerous beds com- 
posed of the siliceous shields of infusoria (of a somewhat larger size 
than those mentioned above,) many feet in diickness; and simikr beds 
occur all over New England and New York. Recently deposits of these 
carapaces or shields, have been discovered by Prof Wm. B. Rogers in 
the tertiary strata of Virginia, extending over large areas, and from 12 
to 25 feet thick ! Report on the Geology of Virginia^ for 1840, p. 28. 

Descr* It is a moderate estimate to say, that two thirds of 
the surface of our existing continents are composed of fossi- 
liferous rocks ; and these as already stated, often several thou- 
sand feet thick. 

Rem. 1. This estimate might, without exaggeration, be confined to 
strata that contain marine exuviae : — that is, such as were deposited be- 
neath the ocean. 

Rem. 2. Afler all, the preceding statements convey but a very im« 
j^erfect idea of the amount of organic relics in the rocks. To obtain a 
just conception of their vast amount, a person must vint at least a few 
localities. 

6. Distribution of Organic Remains, 

Descr. Existing animals and plants are arranged into dis- 
tinct groups, each eroup occupying a certain district of land or 
water ; and few or the species ever wander into other districts. 
These districts are called zoological and botanical provinces ; 
and very few of the species of animals and plants tniich they 
contain, can long survive a removal out of the province where 
they were originally placed ; because their natures cannot long 
endure the difference of climate and food, and other changes to 
which they mttst be subject. 

Rem. Although naturalists are agreed in maintaining the existence 
it such provinces^ yet they have not yet settled their exact number; be- 
cause yet ignorant of the plants and animals in many parts of the earth. 
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Dr. Prichard proposef seven for the animals. Physical History of Mankind. 
Voi: 1. pp. 68—97, third edition. Mr. Swainson estimates the omitholopcai 
provinces at five. Encvdapadia of Qeograpky, Vol. 1. ^. W1. Bory 8t 
Vincent makes five for the mammalia alone. DicUonnmre CXassique utUst, 
TfiUurelk^ Tbme SepUeme, p, 300. Some have reckoned as mMnj •» 
eleven : but what makes it very difficult to determine the point, is, that tlM . . 
boundaries of these pcovinces fi>r different classes of animals does not [ 
sdways coincide. DeMndoUe, reckons the botanical provinces a( twenlj. i 
Prof. Schouw makes twenty-two. Encydopadia oj Gwgrapky^ Vol. L p. 
960, Am. Edition. Bat Prof. Henslow estimates them approximately aft , 
forty-five. Dr. SmitVs Soriphire Geology, p. 73. On this difficult subjeel^ ' 
see the Prench DuUomtrv of NaJbwrai Bislory above referred to, ArHcU 
Oeog^raphie^ Also FfetmnTs PkUatopkw of Zoology, Vol. 2. Also ijyeOSt 
jPrincipUe of Geology, V3. 2. Also Prickard^s Physical History of Maim^ 
Vol. 1. Encyelopadta of Geography, Vol. 1. ^ <f^. 

Descr. Sometimes mountains and eometiflus oceans separate these diatridt 
on the land. In the ocean they are sometimes di^^ded by currents or 
ehoals. But both on land and in the water, difference of climate fi>rms tha 
most effectual barrier to the mimtion or species : since it is but a Urn 
species that have the power of enauxing any great change in this respect. 

Descr. In some instances, organic remains are broken and 
ground by attrition into small fragments, like those which are 
now accumulating upon some beaches by the action of the 
waves. But often the most delicate of tibe harder parts of the 
animal or plant are preserved ; and they are found to be group- 
ed together in the strata very much as living species now are 
on the earth. 

Jllus. In a fossiltferoas formation of any cmisiderable thickness, we 
usually find somewhat such an arrangement as the following. The 
whole is divided into many distinct beds of different thickness. At the 
bottom, perhaps, we shaU ^d a layer «f argillaceous or siliceous rock, 
with few or no remains-: Aen will succeed a layer, perhaps calcareous, full 
of them in a perfect ^ate : next a layer of sand or cla^, or limestone con- 
taining none : next a layer made up of the fragments of rocks, animals, and 
plants, more or less comminuted-: next a laver of fine clay : then a layer 
abounding in remains. And thus shall we find a succession of changes te 
the top of the series. 

Inf. From these facts it is inferred, that for the most part, 
the imbedded animals and plants lived and died on or near 
the spot where they are foui^d; while it was only now and then, ' 
that there was current enough to drift them any considerable ,. 
distance, or break them into fragments. Ae they died, they • 
sunk to the bottom of the waters and became enveloped in mud, 
and then the processes of consolidation and petrifaction went - 
slowly on, until completed. 

Revi. 1. So very quietly did the deposition of the fossiliferous rocks 
proceed in some instances, that the skeletons and indusis of microscopic 
animals, as we have seen, which the very slightest disturbance must have 
•crushed, are preserved uninjured; and fifeqnently all the shells found in a 
layer of rock, lie in the same position which similar shells now assume upon 
tlie bottom of ponds, lakes, and the ocean : that is, with a particular part of 
the shell uppermost. 
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Jfiem. 3. Were the bottom of our esdsting oceans and lakes, where 
mud, sand, and gravel, have been accumulating for ages, and enveloping 
the animals and plants that have died there, or been drifted thither, were 
this to be now elevated above the waters, we should find exactljr such 
an arrangement of organic remains, as we find in a particular formation of 
the, solid rocks. While there would be a resemblance between the relics 
in dififerent seas and lakes, there would be great specific diversity ; just 
as we find in different groups of rocks in different countries ; and hence 
the conclusion seems fair, that these rocks with their contents had an 
origin sinular to the deposites now forming at the bottom of existing bodies 
of water. 

Rem. 3. In the existing waters we find that different ani- 
mals select for their habitat different kinds of bottom : thus, 
oysters prefer a muddy bank ; cockles a sandy shore ; and lob- 
sters prefer rocks. So it is among the fossil remains : an addi- 
tional evidence of the nxanner in which they have been brought 
into a petrified state. Phillipis Geology^ p. 53. 

Prin. There is reason to believe that the temperature of the 
globe in early times was much higher than at present, and of 
course more uniform over its surface : and hence the range of 
particular species of animals and plants might then have been 
more extensive than at present ; and the number of botanical 
and zoological provinces less numerous ; and this inference is 
sustained by the facts of fossil geology. 

Descr, In a particular district we find but little change in 
the character of organic remains, as we ascend or descend in the 
series of rocks, until there occurs a change in the nature or 
mode of deposition of the rock. Then we find new species in- 
troduced, and more or less of the old ones disappearing. Some- 
times the change of species is gradual and sometimes sudden, 
corresponding to the change in the rock. 

Pnn, In comparing organic remains from different forma- 
tions, it should be recollected that they may belong to the same 
class or order, or genus, and yet be widely different from one 
another : and that it is only when they are of the same species, 
that they are identical. 

Descr. If we compare together the remains of the cretaceous 
formation, the red sandstone formation, the carboniferous sys- 
tem, and the Silurian formation, in different parts of England, 
we shall find that those most remote from one another in locali- 
ty, differ most widely : but almost without an exception, those 
in each formation are specifically distinct from all those in the 
other formations. Phillips^ s Geology , p. 51. 

Descr, If we compare the fossils of the tertiary and secon- 
dary classes of rocks, we shall find that they have scarcely any 
species common, so far as has been yet ascertained, either of 
animal or plant. LyeltsPrin. GeoL Vol. \.p. 205. 

8» 
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Descr. If we examine a formation througli its whole extent, 
we shall rarely find that any species of organic remains is uni- 
versally difiused, unless the extent of the formation be quite 
b'mited. If we compare the same formaticm in different coun- 
tries, the specific resemblance between the organic contents wiQ 
diminish nearly in the inverse ratio of the distance between 
them. Phillips's Treatise on Geology, from Encp,Briti. p. 52, 

Exam, In Egypt the aetaceooi rocks contain difierent fossils from 
the chalk of England : and the same is tnie of the chalky rocks on the 
southern fiices of the Alps. More than a hundred species of orcanie 
relics have heen described in the rocks of the United States, which are 
supposed to correspond with the chalk formation in Europe : yet only two 
or three species are identical. Morbm'^ Synopsis of the Orgamc Remains 
•of the Creiacems Group oj the United Slates, p. &, PhMaddphia, 1834. 
Phillips's Geology^ p. 156, 

Rem, In a few instances, paiticQlar species have a very wide diffusion in 
contemporaneous rocks. The Belemmtes mttcronatvs is found in nearly 
every cnalk deposit in Europe. The trilobite, Calymene Blumenbnchii^ and 
the coral, Catenipora, are fiMind at most localities of Silurian limestone in 
Europe and North America. 

Prin. Families and genera that were cotemporaries, appear 
to have had a very wide geographical diffusion, as they have 
among existing animals and plants: but for the. most part, 
species occupied but a narrow geographical area. PhiUipis 
Treatise on Geology^ p. 53* 

Exavi. Specifically unlike as are the organic contents of the cretaceous 
form aliens in Europe and North America, yet the same genera (ex. gr. 
Exogyra, Gryphcea, BaculitcS) Belemnites, Scapbites, and Ammonites,) 
abound, and even between the species there is a close analogy. 

Prin. Judging from the distribution of living animals and 
plants, contemporaneous formations in widely separated portions 
of the globe may contain organic remains very much alike, or 
very much unlike. 

Tlbis. Comparing the marine animals on the coast of the United States 
with those on the shores of Europe, we find at least 24 species of shells com- 
mon to both, and no reason can be assigned why as close a resemblance 
might not have existed at earlier periods. Morton^s Si/nopsis^ p. 83. On the 
other hand, how unlike are the animals and plants of New Holland and its 
coasts, to those of Europe or the United States. 

Prin. Rocks agreeing in their fossil contents, may not have 
been contemporaneous in their deposition. 

Proof. The causes that have produced changes of organic life may have 
operated sooner upon some parts of the globe than upon others, so that par- 
ticular animals and plants may have continued to be deposited in some spots 
longer than in others. 

Rem. Probably, however, such a diversity in diflerent parts of the globe 
could not have continued very long, so that rocks with the same organic 
remains may be regarded as not difiering greatly in age : and besides, 
as already stated, there is reason to suppose that in earlier times there was 
greater uniformity of climate and condition on the globe than at present. 
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Inf. From all that has been advanced, it appears that an 

identity of organic remains is not alone sufficient to prove a 

complete chronological identity of rocks widely se{)arated fr<)m 

each other : but it will show an approximate identity as to the 

period of their deposition ; and in regard to rocks in a limited 

oistrict, it will show complete identity. 

Proof. Identity of organic remsdns proves only the existence of similar 
conditions as to climate, food, &c. : but in remote regions of the globe these 
conditions majr have existed at different periods, though not po^bly separ- 
ated by long intervals; and therefore toe identity is approximate: that is, 
deposits containing the same organic remains were produced at eras not 
widely remote from each other. jBnt in respect to limited regions of a contir 
nent, mach difference oi cMmate could not haye existed at the same time \ 
and therefore, an identity of organic remains proyes the synchronism of the 
deposits containing them. 

Prin. If the mineral character of two rocks agree, as well 
as their organic contents, their synchronism will Se shown to 
be more probable. But on the other hand, a want of agreement 
in the mineral characters, ought not to be regarded as proof 
that they were not contemporaneous. 

Proof. The mineral composition of rocks, forming in regions yery r^ 
mote, must have been subject to as great diversity as their organic contents. 
Bat if their mineral composition is the same, it increases the probability of 
their synchronal deposition. 

Prin, Still stronger evidence of synchronism is obtained 
when rocks agree in their superposition, as well as in the cha- 
racters above named. This character, indeed, when it can be 
applied, is very conclusive : but in remote regions it is applied 
with great dimculty. 

Rem. The identification of strata in widely separated regions is one of 
the most difficult problems in geology ; and one where there is great room 
for the play of fancy. De la Beche's Tkcoretical Geology. Chapters 11, 12, 
13. JjyeW 8 Elements of Geology J Chapter IX. Vol.1. 

Tabular View of Organic Remains, 

Table, The following Tabular View of the Organic Remains in the 
different formations, will show how the different families of animals and 
plants are distributed in the rocks. It is derived from the latest authorities, 
within my reach. But it will be seen by the references beneath the Table, 
that these authorities differ widely in their dates ; so that some of the 
numbers are far more in accordance with the present state of the science 
than others. Nevertheless, some important inferences may be deduced from 
such a Table: and therefore I give it, though confessedly imperfect. I 
have added the numbers o^ living species that have been describea, so far as 
I have been able to obtain any estimates that approximated near enough to 
the truth to form a basis of reasoning. Of course, all the numbers of this 
Table must be regarded as falling far below the actual numbers, both of 
living and extinct species. 
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Inf, 1. From the jprecklinff table 
mortant classes of animals and plants 



we learn that all the 
iinportant classes of anfmals and plants are represented in the 
dinerent formations. 

Inf. 2. Hence we learn that the hypothesis of Lamarck is 
without foandation, which supposes there has been a transmu- 
iatioii q( species from less to more perfect, since the beginning 
of organic life on the globe : that man, for instance, began his 
nee as a monad, (a particle of matter endowed with vitality,) 
ftnd was converted Into several animals successively ; the 
ourang^outang being his last condition, before he became man. 
LyelFs Pfin, Geol, Vol. 3. Book 3, where this subject is treated 
ably and fully. " The Sauroid fishes," says Dr. Buckland, 
iBridgewaUr Treatise, VoL 1. p. 294,) ^^ occupy a higher place 
in the scide of organization than the ordinary forms of l)ony 
fishes ; yet we find examples of Sauroids of tlie greatest magni- 
tude and in abundant numbers, in the carboniferous and secon- 
dary formations, whilst they almost disappear and are replaced 
by less perfect forms in the tertiary strata, and present only 
two genera among existiiTg fishes. — In this, as in many other 
eases, a kind of retrograde devel(^ment, from complex to 
dmple forms may be said to have taken place.' ^ 

Inf. 3. We learn, however, that in the earlier periods 
of the world, the less complex and less perfect tribes of animalfi^ 
and plants greatly predominated, and that the more perfect 
apeeies became more and more numerous up to the creation of 
the present races. 

Inf 4. Vegetable life must have commenced on the globe 
nearly as early as animal U£e. 

Proof. Vegetable remains have not indeed been fi>und among the 2() 
or 30 spedes of organic relics discovered in the Cambrian group of 
rocks : but they occur in the Silurian group : and it would m prema- 
ture to infer their non-existence in the Cambrian group^ until further 
researches are made among fossiliferous clay slates: especially since the 
presumption is strong, that marine vegetables must have existed contempo- 
raneously vrith marine animals, in order to furnish the latter with food. 
BucMcmd^s Bridgewaier T^eaiiae^ Vol. 1. f. 4&1. PkUHpis Treatise on 
Geoibgy, Vol l.p.VSd. 

Inf 5. Dry land, capable of sustaining vegetation, must 

have existed soon after the deposition of the fbssiliferous rocks' 

commenced. 

Proof 1. Terrestrial vegetable remains occur in rocks of the gray- 
wacke neriod. ^. The delrital character of the rocks of that group 
makes tne existence of dry land during its deposition almost certain; 
since rocks entirely beneath the waters are but slightly worn away by 
' janic currents. 

Descr. The family of coniferous plants is found in the earli- 
est rocks, and at each successive change in the physical condi- 
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lion of the riobe, the number of its genera and species inezeas-' 
ed, until it forms among existing plants abont one three htm* 
dredth part of the Whole flora, or nearly 200 species. Palaa 
also occur, though sparin^y, in all the rormations. 

Descr, The 300 species of fossil plants found in and beneath j 
the carboniferous strata, are two thirds tree ferns and eigantie j 
Equisetacefld. Ten Gonifer», and plants intermediate between ^^ 
these and Lycopodiacea, yix. Lepidodendra, Sigillaria, and j 
Stigmaris, together with 10 Monocotjledonous plants, form the' 
remainder. MantelPs Wonders of Geology, Vol. 2. p. 568. 

Descr. Of the 100 species found between the carboniferous 
strata and the tertiary groups, one third are ferns ^ and most 
of the remainder are Cycades, Comferse, and Liliacese. Mora 
of the first nuned family haye already been found fossil, than 
exist at present on the globe. They form more than one third 
of the entire fossil flora of the secondary formations ; but less 
than the 2000th part of ihe existing flora. 

Descr. The plants of the tertiary strata approximate closely 
to the existing nora. 

Descr. Below the new red sandstone yascidar cryptoeamiaa, 
or flowerless plants, neatly predominate, while dicotyleaonoos 
plants are rare. In me secondary strata aboye the coal, there 
IB an approach to equality between these two classes : in the 
tertiary strata the latter predominate ; and in the existing flora, 
two thirds are of this class. Buckland^s Bridgewater Trea4isej 
Vol. 1. p. 520. 

7. Periods in which different plants and animals began to ap' 
pear on the Olobe, and in which some of them became extinct ■. 

Prin, In ^neral, plants and animals began to exist first on 
the globe during the period when the lowest rock in which 
their remains are found, was deposited. 

Proof. 1. Those animals and plants are excepted that are 
too frau to be preseryed in the rocks : but in respect to all 
oiht^rHf no reason can be assigned why their remains should not 
bn found along with those of other organic beings existing at 
tho Nnino priod. Particular species, from being less numerous, 
or hoing Isms likely to get enyeloped in deposits formed by water 
[i\n hinU for instance,) may be rarely found in the rocks : and 
ther«>foro, we should not be hasty to infer that a species did not 
t^xiNl, Itocause wo haye not discoyered its remains. But if a 
roriiinttou has been pretty extonsiyely examined^ the presump* 
tiou in strong that few new speoies wul be found in it. 
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2. ComparatiTe anatomy het^ comes in to our aid. For it 
is found tnat certain types of organic existdnce characterize 
particular geological penods : and naving ascertained the type 
for any particular period, we may infer with great certainty 
that an animal or plant of a very different type will not be found 
among the orgamc remains of that formation. Thus, we find 
in general the fossils of the carboniferous group to have been 
adapted to a climate of a tropical character : and to expect to 
find in that group, animals or plants adapted to a temperate 
climate, would be unreasonable ; because the two tribes could 
XK>t have existed in the same climate. 

Descr. The following is the order in which some of the 
most important animals and plants have first appeared on the 

Slobe : in other words, the epoch of their creation. It may in- 
eed, be hereafter found, when the rocks have been more exten- 
fdyely examined, that some appeared earlier. 



SUmian and Cambrian, or 
Graywacke Period. 



Zoopkyiei, 

Marine SheOs. 

CrustaceHf (Trilobitetf.) 

IHshes — Placoidians an4 Gkmoidianfl, (Saiiroid» 

and Sharks,) also thoM with heterocercal 

tails. 
Flowerless PlafUs, } Marine. 
lilovfering Plants, ) Terrestrial. 



Carboniferous Period. 



' Pishes : (Cephalaspis, &e.) 
Arachmda/ns : Scorpions. 
Coleopterous Insects, 
- Fresk Water Shells, 
Dicotyledonous PUmts^CaDi{ex» ; (Pines, dec.) 

Cyicadee. 
Monocotfledonous PUmtSf Palms Sdtamine. 



Red Sandstone Period. -< 



'Tracks of Birds, Tortoises, and Ghirotheria 
or gigantic Batrachians. 

Resiles: Monitor. Phytosaunis, Ichthyosaurus, 
Flesiosaurus, Mastodonsaurus, {Labyrinthir- 
don) Thecodontosaurus, Palsosaurus. 

Cru^acea: Palinurus. 

Fishes : Palfeoniscus, &c. 

Dicotyledonous Plemts, Vdtzia, &c. 



96 



ORDER or CREATIOM* 



Oelilic Period. 



WealdenPflsiod. * 



" MamMoUa : (DlaiBopiali) Thjltcotlieriiim, Ai^d 
PhMColathenam, ^Didelphys of Buckland.) 

Reptiles: Saorocepnahis, oanrodon, Teleosaums, 

StreptoipoDdyliu, MegaloMLiinis, Lacerta neptanift, 

jfilodoo, RhacheoMUiai, PleuroMnnu, Greosaunus 

MacraipoiidyliiB, Pterodactyliw, Croc<>diIe, Gavial, 

Tortoise. 

Fishes: Pvcnodontes and Lepidoides. (Dapedium, 
&o.) witn homoceical tails. 

Arachmidaiu: Spiders. 

Insects : libellouB, Coleoptera. 

Cyustacea : Pagurus, Eryeo, Scyllarus, PalnmoBi 

Astacns. 

Plants: Cycadee, (Pterophyllam, Zamia,) ComSsrm, 
(Thuytes, Tazites,) LUu, (Bucklandia.) 

' Birds: Grails, <Tilgate Forest.) 
RejMes : Igaanodon, Leptorynchns, Trionyz, 'Emyw, 

Fishes: LendotiiB, Pycoodus, &c. Fresh water and 
E^toary sWls. 



Cretaceous Period, m 



Tertiary Period. ^ 



Insects* 

Reptiles: Mososaurus, &e. 

Fishes: Ctenoidians and Cycloidians. 

Crustacea: Arcania. E^sa, Coiysten 

PlwrUs : Conierve, Naiades. 

MamvndHa: 1. Eocene Period^ 50 spedasi — Pdbs- 
otheriam, Anoplotherium, Lophiodon, Anthraco- 



tberium, Gheroptamus (allied to the hofl^, Adapts 

Sresemblins the hedgehog,) Camivora : Bat, Canis 
Wolf and Fox) Coatis, Racoon, Genette, Dor- 
mouse, Squirrel. Reptiles: Serpents. 
Birds : Buzzard, Owl, Gluail, Woodcock, Sea Lark, 

Curlew, Pelican, Albatros, Vulture. 
RepPHes: Fresh Water Tortoises. 
Fishes : seven extinct species of extinct genera. 

2. Miocene Period: Ape, Dinotherium, Tapar, Chali- 
cotherium. Rhinoceros, Tetracaulodon, Hippotha- 
rium, Sub, Felis, Machairodus, Gulo, Agnouerium, 
Mastodon, Hippopotamus, Horse. 

3. Pliocene Period: Elephant, Ox, Deer, Dolphin, ; 



Kangaroo, and Kangaroo Rat. 
Birds : Pigeon, Raven, Lark, Duck, &43. I 

Fishes: (in the formation generally) more than 100 ^ 
species now extinct which belong to more than 40 ' 
extinct and as many living genera. 
Insects: 162 genera of Diptera, Hemiptera, Cole- 
optera, Aptera, -Hymenoptera, Neuroptera, and 
Orthoptera.* 



* Broim's Letbiea G«ogiioBtiG«, p. 811. 
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SkeHs: In the Newer PUocene Period, 90 to 95 per 
cent of livinff species ; 35 to dO per cent, in the older 
Pliocene: 17 per cent, in the Miocene j and 3^5 in 

: the Eocene ; amounting in all, extinct and recent^ 
to 4000 species. 

Plants: Poplars, Willows, Elms, Chesnuts, Sycar 
mores, and nearly 200 other species: seven- 
eighths of which are monocotyledonoos or dicotyie- 
donotts. 

Alluvial Period i Man^ and most of the other species of existing ani* 

xrcnou. j ^^^^ ^^^ plants. 

Human Remains. 

Prin, The remains of men have not been fonnd in any de- 
posit older than alluvian, except in a few cases where they have 
probably been introduced into drift subsequent to its deposition. 
%yeWs PHti. Geol Vol. 1. p. 249, 282 ; and Vol. 3. p. 204, 
236, 298. 

Proof, In the earlier periods of geologyjthe fossil bones of other animals 
were oAen mistaken for those of man. Thus the Hottio dUuvii testis of 
Scheuchzer, was ascertained by Cuvier to be nothing but a great salamander. 
At the present day, no practised geoSogist maintains that human remains have 
been found below drifl ; although some writers on geology still defend that 
opinion. See Penn^s Comparative Estimate of the Mosaical and Mineral 
Geologies^ Vol 9. p. 134. Fairhohne's Geology of Scripture, p. 219. Com- 
stod^s Oeolosy, p. 263. But some geologists on toe continent of Europe arc 
of opinion tnat the bones of man are found so mixed with those of extinct 
quadrupeds, as in certain caverns in France, and the province of Liege, that 
all must have been deposited at the same time ; that is, during the deposition 
of the most recent tertiary strata. Others suppose that these numan remains 
must have been introduced subsequently. Buckland's Bridgewater TVeatisCy 
Vol. 1. p. 103. Upon the whole, no evidence has yet been afforded by 
geol(^, that man existed on the earth earlier than during the alluvial or 
histonc period. Dr, Smithes Scriptv/re and Geology^ p. 396. Second EdiHon^ 
London, 1840. 

Objection. Some writers contend that when Asiatic countries have been 
examined more thoroughly, the remains of man may be found in all the 
fiMMiliferous rocks: and that they do not thus occur in Europe and America, 
because he had not spread into these parts of the worid till a long time after 
his creation. Bqt on this subject it may be observed, 1. That so far as the 
countries of Asia have been geologically examined, their organic relics cor- 
respond, as to distribution and general character, with those of £ur6pe and 
America; and hence the presumption is, that in all that quarter of the globe, 
the mammiferous animals will not be found much below the tertiary strata. 
3. Comparative anatomy strengthens this presumption, by showing con- 
clusivelv, that most of such animals as now inhabit we globe, could not have 
lived when the same phyncal conditions existed that were necessary for the 
creatures found in the lower rocks. 

Rem. The remarkable specimens of human skeletons found imbed- 
ed in solid limestone rock on the shores of Guadaloupe, deserve atten- 
tioii in this connection. At first view they may feeni gmoine exam* 

9 
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pies of man in a ^wsil ttate. But they belong to the allavial f&natJ&oa, 
and probably were buried there tmij a few hundred years ago. For the 
same rock contains shells of existing species, as well as arrows and 
hatchets of stone, and pottery. It is Mid that a battle took i>lace on this 
spot about the year 1710, between the Caribs and G^altibis. — One of 
these specimens is in the British Museum in London, the other in 
the Garaen of Plants in Paris. Buckkmd^s Bridgewaier TVeatise, Vol. 1. 
p. 104. Cuvier's Tharn of the Eartkj by Jameson and Mitchell^ p. 335, 
N. Yarkj 1818. Oivie/s Discourse on the RevohUions of the Surface of the 
Globe : Philaddphia, 1831. p. 82. 

8. Vertical Range of Animals and Plants in the Strata, 

• 

Descr. Not only did different species, genera, and families 
of animals commence their existence at very different epochs in 
the earth's history, but some of them soon became extinct, 
others continued longer, and some even to the present time. 

Descr, Species rarely extend from one formation into an- 
other ; but genera frequently continue through several forma- 
tions ; and a few, even through the whole series of strata : and 
are still found among living animals and plants. Orders are 
still more extensive in their vertical range ; and all the grisat 
classes, as has been shown, extend through the whole series. 
Very many genera, however, and some oraers, are limited to a 
single formation. Others, after disappearing through one or 
more formations, at length re-appear. 

lUus. The following tables will give an idea of the vertical distribu- 
tion of several orders and genera. PhiMp^s TreaUse on Cfetdogy, Vol, 1. p, 
76. et scq, - 
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The following table exhibits the distribution of several orders of 
Zoophyta; their presence bemg indicated by stars, and their absence by 
blanks. 
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Hem, I hare placed Stelleridans in the saliferous system on the authority 
of Dr. Buckland, (JBridftewater Treatise. Vol. I. p. 416,) and in the Silu- 
rian system on the authority of Prof. Troost, in his Fifth Report on the 
Qeotogy of Tewnessee^ p. 12, 1840. 

The ioliowing genera of shells, very abundant at present on the globe, 
hare a veiy linuted range downwards. 
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FAuu>iiTauuiici 



Onl of the mnltituda of Ceph^opodi, or eliambar«d iti^i'^Iul (WMiiMd 
in the uidMit Beu, oulj two ipecka hsve cootiDued to tlfe ptf«Mit tiiDB ; u 
nuj be Kcn by tbe fullowmg table of Iheil leilical Rtng«. .' • 
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Palxontological Chart. 

In order to Inin^ under the eye a aletcb of the rertieal range of the dif' 
fsrent tiihea of uiuiuIb and plants, Ibut bave appeared on the gtobe from the 
earliest times, the chart which faees the title page, has been canstracted. 
Ttie nhole sur&co ie divided into seven strips, to represent Geological 
pBriods : viz. the lowest, the graywacke period : the neit, the carbonilCTOlls 
period : the next, the saliferous period : the next, the oolitie poriod : the 
next the cretaceous period : the next, the tertiary period : and the highest, 
the historic period, or that now passing. Tho animals and plants are re- 
presented by two trees, bavinr a basis or roots of primary rocks, and rising 
and expanding through the diOereDt periods, and showing the commence- 
ment, developement, ramification, and in some cases the extinction, of tho 
most important tribes. The comparaUve abundance or paucity of the dif. 
ferent families, is shown by the greater ur less space occupied by them upon 
the chart ; although there can ofcourso be no great exactness in such repre- 
sentations. The numerons short branches, exhibited along the sides of the 
diBerenl &mjlies, are meant to designate the species, which almost unt- 
Tenally becoaie all extinct at the conclusion of each period. Hence the 
branches are contracted in pajssing from one period into another, and then 
amin expand, to show that the type of the genera and orders alone survive. 
Where a tribe, afler having been developed during one period, disappeara 
cnlirelj during the next or several succeeding penoda, but at length tel^ 
pean ; a mere lino ia drann across the apace mnere it is wanting. 



102 PJXJBONTOLOOICAI. OHA&T. 

While this Aittft. ibowi that all the great daetei of aninMb and pbato 

existed from Jthe earfiest times, it will also show the crradual expannon and 

increase of tiie more perfect groups. The vertebral animals, ror instanoe, 

commence VidtK a few fishes; whose number increases upward: but no 

traces of .ot^r animals of this class appear, till we rise to the saliferoua 

group, when we meet with the tracks of cbirotheria, tortoises, and birds. 

But not tAFwe reach the oolitic period, do we meet with the bones of the 

mft'iMpftlift : and then only two species of maisupialia. No more of this 

slass aijppear till we reach ihe tertiary strata, where they are developed in 

,pHi^ numbers, approaching nearer and nearer to the present races on the 

- eK>be' as we ascend, until, in the lustoric {>eriod, the existing races, ten 

.tim'es more numerous, comfJete the series with man at their bead, as the 

' '. c:towN of the whole ; or as the poet expresses it, " the diapason closes fall 

In man." 

In like manner if we look at that part of the chart which shows the de- 
velopement of the vegetable world, we shall see that in the lowest rocks, the 
flowering plants are very few, and consist mostly of conifers and c^cadeie : 
links as it were, between the flowering and the flowerless plants. It is not 
till we ascend to the tertiary period, that the willows, elms, sycamores, and 
other species that ^rm the forests of the temperate zone, appear. But lower 
down in the series, a few monocotyledonous plants are seen, such as lilies 
and palms; which, however, do not seem to have been greatly- multiplied 
till we reach the tertiary period. Still more fully developed do we find them 
in the historic period ; where 1000 species of palms, — the crown of the 
vcffelable world, have been found. 

To refer to anotlier example of a somewhat different character : take the 
saurian animals, which began to ap[)ear during the saliferous period. In the 
next period above, or the oolitic, their developement is very great ; so that 
they seem to have been the rulers of the animal creation. But above this 
period, they gradually decrease, until among existing animals all their re- 
presentatives, except the crocodile and the alligator, are on a most diminu- 
tive scale. 

A similar example amon^ plants exists in the lycopodiaces ; which 
during the carbonirerous penod^ formed trees from 40 to 60 feet hi^. Bat 
above that period, they rarely appear ; and their only remaining represMH 
tatives on earth at the present time, are obscure plants a few inches in 
height. 

Much more information of this sort may be obtained by a few moments 
inspection of this chart ; which will prevent the necessity of details. As 
this however is the first effort that has been made to give such a representa- 
tion of the leading facts in palsontology, I shall expect that defects and im- 
- perfections will be discovered in it.* 

9. Comparison of Fossil and Living Species. 

Prhu It is a moderate estimate to reckon the species of t 
organic remains hitherto described in the rocks below the ter- 
tiary strata, at 5000. Yet scarcely none of this number have 



* Since the above was in ty»e, (in tlie first edition,) I have receive^ the LeOuBa Creog- 
noatica of Professor Bronn, published at Stuttgart in 1837 and 1838, where I find a ehart 
constructed on essentially the same principles. The wonder with me is, not that I have 
been anticipated, but that so simple a plan tu exhibit the leading facts of paimottMogft 
has not been employed by writers in the English language. 
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thus far been identified with any now living on the globe. In 
many cases they difier even generically. 

Rem, The above estimate would make the whole number of foesil spedes 
9000. This is considerably below the estimates of Eoferstein, a German 
writer, in 1834. He gives the ibllowing Bumbera, in his Die Natwrgexhiche 
des ErdJcojKTsinihrenersiengruHdzugendengetielU. 2 Bde^WK VdL% See 
Qfusrteriy Review for AprU, 183$, p, ^ 



Mammalia, SHO 

Birds, SO 

Reptaes, 104 

Fishes, 386 

Insects, "Si? 
Sjpiders, Cmstaces, Xyphosura, 

EAtemostracea, Isopodia, Myriopoda, "Sll 

Malkisca, 6056 

Annelides, 2l4 

-Radiata, 411 

Polypina, 907 

Vegi^bles, 803 

ToUl, 9620 



Prin. The deeper we descend into the earth, that is, the 
older the rock, the more unlike in general are its organic re- 
mains to existing species. As we ascend, we find a nearer 
and nearer approximation to existing species in each successive 
formation. 

Descr. In 1833, the number of shells in the tertiary strata, 
that had been discovered and described by M. Deshayes in 
Europe, amounted to 3036 : Of these, 568 were identicu with 
species found in our present seas. They were distributed how- 
ever, very unequally throu^ the different groups of these 
strata, as follows. 

In the Eocene or oldest ^ • 

Group, 1238 species: Living analogues, 42 

In the Miocene, 1021 do do 176 

In the Pliocene, 777 do do 350 

Lyeirs JShm. GeoL Vol 1. ;?. 281. 

Prin. The organic remains in the northern parts of the 
globe, correspond more nearly to existing tropical plants and 
tnimals, than to those now living in the same latitudes. 



IQi TROPICAL CLIMATE 

Proof. It is well know that the Fauna and Flora of tropical 
regions are so different from those in higher latitudes as to 
strike every observer. Now any one who is acquainted with 
these pecuhar features of tropical organic life, even as they are 
exhibited in books, will be struck with their resemblance to the 
organic remains in the fossiliferous strata. The foUowing 
examples may serve for illustration : beginning with the highest 
of the strata, viz. diluvium. 1. Along the shores of the Aretie 
Ocean in the banks of the ereat rivers, such as the Oby, the 
Yenesi, and the Lena, are found immense quantities of the 
bones of the extinct species of elephant called the mammoth. 
The region in which these remains occur, is almost as large as 
the whole of Europe. Now although the fact that these ani* 
mals were covered with hair, proves that the climate where 
they lived was colder than that where naked elephants now 
live, yet it must have been much warmer than the present tem- 
perature of Siberia, in order to produce vegetables for their 
sustenance. The rhinoceros found fossil in the same country 
confirms this conclusion. 2. The bones of extinct species of 
elephant, rhinoceros, hippopotamus, lion, tiger, hyaena, &c. — 

fenera confined almost exclusively within toe tropics at this 
ay, are found scattered through the diluvium of almost every 
part of Europe. 3. When shells are found in the tertiary 
strata in northern countries, identical with those in existing 
seas, their analogues are almost universally found in tropicu 
seas : and when the same species occurs in the Mediterranean, 
for instance, as is found fossil upon its shores, the latter is much 
larger than the former : and it is a well known fact that the 
same species in tropical regions attains a greater size than in 
colder climates. 4. The ereat size, both of the animals and 

{>lants found^ in the socondary strata, compared with that of 
iving organic beings of a similar kind, shows a state of climate 
during their growth very favorable to their developement : such 
a climate, in Fact, as exists in tropical countries. 5. The great 
number of chambered shells, such as ammonite, orthocera, &c. 
found in the secondary rocks, confirms this proposition, since 
tho few roprosentatives of these shells still found alive, occur in 
warm latitudes. 6. But perhaps the most striking evidence of 
a warm climate, during the deposition of the secondary rocks, 
exists in the fossil flora of the coal formation. This is filled 
with gigantic plants of genera mostly found within the tropics, 
such as equiseta, lycopodiaceae, tree ferns, palms, &c. : ahd a 
person who is familiar with these remains, is struck, on going 
to a tropical country, with their resemblance to the vegetation 
around him ; as he is with their want of resemblance to the 
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lora of liigli latitudes. These tropical plants Imve been found 
Q the rocks around Baffin's Bay, and even as far north as Met 
nlle Island, in 75° north btitude. 7. Numerous organic x«- 
mains in the secondary rocks even in the oldest fossiliferous 
itrata, appear to have once constituted coral reefs, such as are 
now found only in tropical seas. Such relics as these, also^ 
have been found in the rocks of Melville Island. 

Heih, 1. Agafldz, L^ll, and Smith of Jordan ECU, asem to have proved 
di&t the ctimate of northern re^rione, immediateljr precedimr the allairial 
period, was lower than k is at present : and it is the opinion of Agassis, that 
a simitar fall <ef temperature took place near the dose ot eaeh great gedogical 
period. But admitting ail (his to be true, it cannot affect the pNcetSng argi^ 
ments concerning the ^"eneral temperature diuizig those periods, exee|pt as t« 
the glacio-aqueous, which is of little consequence in Uiis respect. Edtndurgk 
New PhilosophiaA Jowmal^ Aprils 1838. Dr, BuckUmd's Armwersaary Adr 
dress before the Lcfndon Geological Society in 184L An, and Mag. of Not, 
History for February, 1841. 

Rem. 2. These devoted to fossil hotany say that the land plants fimnd iflt 
(he older strsta, correspond more nearly with those now growing upon the 
low islands of the Pacific Ocean, between the tropics : and hence they infer 
(hat when these flourished, the land was but little elevated above the waters; 
and that the climate was constantly very warm and moist. Amer, Jow, Sot, 
Vol. 34. p. 324. 

Prin. It is probable that during the deposition of the older 
fossiliferous rocks, the climate was ultra-tropical; that is, warmer 
than at present exists on the globe. 

Proof. Tropical species of equiseta, lycopodiaceae, tree ferns, 
he. are much larger than those round growing without the tro- 

Sics. But those found fossil are much larger than any now 
ving. Equiseta, for instance, in the ancient world, were some- 
times 10^ feet high; tree ferns, from 40 to 50 feet, and arbore- 
scent lycopodiaceee, 60 or 70 feet high. Recent- equiseta are 
rarely more than half an inch in diameter ; if<4iereas the fossil 
calamites, a very similar plant, is sometimes 7 and even 14 
inches in diameter, and no uving lycopodiaceae are more than 
3 feet high. This extraordinary developement, which is found 
also in other species of plants and animals, can be explained 
only by a higher temperature : though Adolphe Brongniart 
suggests that m those early times, when perhaps no land ani- 
mals existed, the atmosphere might have been more highly 
changed with carbonic acid than at present. Histoire de$ vege- 
taux fossiles, par M, Adolphe Brongniart : 2d Livraison. p, 
113. Bucklatid! s Bridgewater Treatise, Vol I. p. 450. PhUlip^s 
Edinburgh Treatise on Geology, p. 118. 

PriTt, The temperature of the climate seems to have gradu- 
ally sunk during the successive deposition of the different 
groups of fossiliferous rocks. 
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Proof. While the whole number of species of ferns, now 
growing upon the globe, is 1500 ; only 144 are found in the 
northern temperate and frigid zones ; and 140 in the southern 
frigid and temperate zones ; while the remaining 1200 are founil 
wiUiin the tropics. Now the number of fossil ferns diminishes 
in nearly the same ratio, in ascending from the oldest secondary 
Tocks, as it does in going north or south from the equator. 
Hence it is inferred that a similar decrease of temperature is in 
both cases the cause. 2. This is the most rational mode of ex- 
plaining the gradual approach of organic remains to existing 
species, as we come near the surface ; so that during the ter- 
tiary periods the climate could not have been much different 
from that around the Mediterranean. BucklancPs Bridgeioater 
Treatise, Vol. 1. o. 471. 3. If the former high temperature of 
the globe be admitted, we should expect this gradual reduction 
of temperature by radiation. PhiLlvpis JSdin, Treatise om 
Oeology, p. 96. 



10. Description of individual and peculiar Species of Or- 

ganic Remains. 

PLANTS. 

Descr, The number of fossil plants yet described amounts 
to about 600. PhiUip^s Treatise on Geology, Vol. 1. p. 70. 
Of these more than 300 are contained in the strata below the 
top of the Carboniferous Group ; more than 100 in the rocks 
between that group and the tertiary strata ; and nearly 200 in 
the tertiary. 

AlgoR or Sea Weeds. 

J 

Descr. Existing submarine vegetation, amounting to more 
I than 500 species, may be arranged in three divisions; de- 
pendent for their characters upon climate : the first group oc- 
cupying the frigid, the second the temperate, and the third the 
torrid zone. A similar distribution of the fossil marine plants, 
will bring all those below the top of the new red sandstone into 
the class of tropical plants ; while those higher in the series^ 
approximate more and more to those now existing on the 
globe. Adolphe Brongniarfs Histoire des Vegetaux Fossiies^ 
Jjivraison I, p. Ah 
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Dticr. In the lowest rocks most of the plants ate maiint. 
Fig. 38, represents e species of fucoidea. 



Fig. 88. 




JHiuei and fHlicei i or Mosses and JVnu, 



Deser. On Bcconnt of theii delicate stractnis, mossei an 
razel^ pnserred in the rocks. But fenu are very abnndant ; 
especieJly in the mora ancient stiats, when they an found of a 
aize at least eqnsl to those now giowing io the torrid zone, 
which are often from 40 to 50 feet high. Fig. 39, is a aketeh 
of some of these tree ferns, bow (rowing is tropical elimatw. 



Lveorovuc*^ ob ci.sb notn*. 
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Ducr. Europe at the tresent time does not contain mora ' 
than 30 or 40 specieB of temB, and these of diminutive size; 
whereas more than 200 species have been found in the coal 
foimatioD of the same quarter of the elobe. Adolf he Brtmgniart 
in Antrican Jowrnai of Science, Tm. 34. p, 3)9. 



Lyeopodiacea, or Club Mosses. 

Descr. The Lyeopodiacem are a tribe of plants interme- 
f diate between fems and conifeite on the one hand, and fema 
I and mosses on the other, LiTidleifs Naturai System of Botany, 
p. 313. 

Lepidodendrofi. This fossil plant approximates in its char- 
acter to the lyeopodiaceffi : or rather, it seems to be interme- 
diate between the club moaa tribe, and the conifers or pine 
tnhe. It is abundant in the coal ibrmation, where it is som»- 
times found from 20 to 45 feet long ; and M. Ad Brongniait 
has described 34 species. The genus is wholly eztinet Fig. 
40, will oonvey some idea of tbe«e plant*. 



Fig. 40. 



LXFIDODENSHON. 



= Rem. The le[»dodendn fin up « 

7. chasm ia the euating leTiei of [^ta, 

. ^ betveeD flaweriDS and floweilenjduita, 

J beitei than noj uving geniu. Similur 

JJ blanks in the eiiitiog organuatiiHi ara 

2 filled bj other eldnct genera of organic 

.-_- temiUDa. lAndiey and BuBon's FonS 

-- Fhra, Vol. 3, y. 53. 



EgnUelacta. 

Descr, Living plaota of tliia 
tribe are colled korsetaiU, cat- 
tails, scouring rushes, &c.; and 
BltiougK of frequent occunenee 
in all climBtea (the most frequent 
in the temperate zones) they are 
of diminutive size, even in th« 
torrid zone, compared to those 
found fossil. The latter are di- 
vided into two genera, Egjiisetttm 
and Calamitts: the former cor- 
responding very nearly to living 
equiaeta, but the latter differing 
a good deal in structure and size; 
being much larger than the equl- 
seta. Fig. 41, ia a cftlamites desti- 
tute of leaves. 



Fig 41. 



Plants in the Older Strata not yet referred to any living , 
Classes toith certainty. 

Sigillaria. 

Descr. The Sigillaria are large trunks, from half a foot to 

three feet in diameter, and from SO to 60 feet long, coveiad 
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vsnslly with fluting* and scars, BronOTiart enumsrates 42 
■peeiei ; mod nE;ardB them as closely olliea to ai'boTsecent ferns: 
but Liodlejr and Hutton offer ^od reasons foi supposing them 
dicotyledonous plants, different from any now mi the glooe, yet 
■ppioacfaing the Enphoibiie and Cacteie. Fig. 42, xepiMenbi 
the flutinga and scars of one of these plants. 
Fig. 42. 




SigiSaria. 

Descr. Several other extinct genera, with scare similar to 

those on the Sigillaria. that is, arranged in vertical tows, occur 

in the same rocks, and are prohably Coniferre. Fig. 43, show* 

B {Kirtion of one called Viodendron. 

Fig. 43. 
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Descr, Another veiy extra ordinary fossil plant of tlie coal 
fbrmation, is called Stigmaria. It consists (Fig, 44,) of a dom« 
shaped ceatre, three oi four feet in diameter, trom which pro- 
ceeded branches 20 oi 30 feet long, covered with tubercles, to 
which were attached cylindrical snccolent leaves. It was pro- 
bably an aquatic plant, which floated in the water, or trailed in 
swampa. It is thonght to have been dicotylodonoos. 

Fig. 44. 




Dtier. Another remarkable and ^eautiful tribe of plants, 
Dot unfrequent in the coal formation, has nhorled leaves like 
the flower of U>e Aster: hence one genus is called Aetero- 
phyllites. Fig. 45, shows one of these from the coal mine in 
Mansfield, Massachasetta 



coNirBBOve plants. 
Fig. 45. 




Conifira artd Cycadece 

Deter. ConifeTiB and Cycacleffi are the only two families of 
plants whose seeds are originallv naked Hen e they are called 
Gymnospertnov.s Phaneroga it The coniferte u der th* name 
of pines, araucarias, &c. const ute a large and mportant part 
of the existing trees of all cl mates and they occur in the 
locks of all ages. More than spec ea have 'heex^ found in 
the tertiary strata, 13 spec es in the oal te and has 4 (of volt 
zia) in the new red sandstone and se cral in the carbonifeioui 
formation. Mr. Witham has fipired the trunk of an araucaria, 
47 feet lon^ from Cragleith quarry in the carboniferous lime- 
stone near Edinburgh, WithafiCs description of a, Fossil Tree, 
4-c. Edinburgh, 1833. Araucarias are found fosail in Great 
Britain alone ; but genuine pines occur in the coal formation in 
Nova Scotia and New Holland. The four living species of 
araucaria that have been described, occur in tropical climates 
south of the equator. 

Descr. Sometimes the trunks of these gigantic trees, as well 
as of some of the other plants that have been described, are 
fouod standing erect, raiely in the very place where they grew : 
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but generally they appear to have been transported, and to have 
assumed an upright position by the greater specific gravity of 
the roots. Fig. 46, shows the stumps of an ancient forest of 
conifersB, with the roots imbedded in the black vegetable mould 
in which they grew ; the whole being now converted into stone. 
The section was taken in the Isle of Portland, Eng. 



Fig. 46. 



Calcareous 
SUMie. 

Barhstone. 




Stone. 



ii^rv.^ 



4 



^:2^^^^M 



Subterranean Forest : . hie of Portland. 



Descr. The Cycadess are a remarkable family of plants, 
occupying an intermediate place between palms, ferns, and 
coniferse ; filling up an important link between dictyledonous, 
monocotyledonous, and acotyledonous vegetation. Only two 
genera and 22 species are known as ngw living upon the globe. 
But during the deposition of the rocks above the coal, they 
formed a large part of the vegetation. For out of 70 species 
of land plants found fossil, during this period, 29 species are 
cyeadese, referable to 4 genera. They have lately been found 
also in the coal formation. The living species mostly grow in 
tropical climates. Fig. 47, represents a hving species of these 
plants. 

Prin. It is probable that dicotyledonous plants, as well as 
the frailer kinds of flowerless ones, such as funei, and mosses^ 
may have been more abundant in the earlier periods of eeolosi* 
cal nistory, than the specimens of these plants found fossu woiud 
lead us to infer. 

10* 




C^diu Snolala. 

Proof. Most organic remains must have been pieBerred in 
water, or at least in wet sand, or mud. Now Prof. Lindl«y, 
having immersed in a tank of fresh water 177 species of living 
plants for more than two years, arrives at the following coa- 
elusions. 

" t. That the leaves and bark of most dicotyledonous [Jantc 
are wholly decomposed in two years, and that of those which 
do resist it, the greater part Coniferse and Cycadte," 

" 2. That Monoctotyfedous are more capable of resisting Um 
action of water, particulariy Palms and Scitamineous plants; 
but that grasses and sedges perish." 

" 3. That Fungi, Mosses, and all the lowest forma of vegetft- 
tion disappear." 

" 4. TTiat ferns have «. great power of resisting wat«r if in 
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a green state, not one of those submitted to the experiment hay- 
ing disappeared ; but that their fructification perished." Buck" 
laruVs Bridgewater Treatise, Vol. 1. p. 480. 

JRem. 1 . It is interesting to observe that by this experiment those plants 
were most enduring in water, which we find most abundant in a fossil state. 
Yet some circumstances prevent us from inferring with certainty that all the 
more frail and the dicotyledonous species perished in the process of petrifac- 
tion. If a corresponding experiment had been made with these plants in 
wet mud, or sand, another in salt water, or salt mud, these results might 
have been somewhat modified, and probably in nearly every case where 
plants are carried to the bottom of water, they are covered by mud in a 
shorter time than two years ] and most of those preserved in the rocks were 
fossilized beneath salt water. Other substances, as iron, or lime, in solution 
in the water, might essentially modify the experiment. After idl, however, 
the experiment does show.ns that we must not place too much dependence 
on the relative numbers of different classes of fossil plants, as hitherto dis- 
covered. 

Rem. 2. Other peculiar and interesting plants occur in a fossil state ; as 
the pandanes, palms, &<c., but the limits of this treatise do not permit their 
introduction. 

Rem. 3. The great size of many fossil plants and the vast 
accumulations of carbonaceous matter in the coal formation 
render it probable that the vegetation of the early periods of 
the globe was far more abundant than at the present day. Yet 
as the trees were mostly without flowers, and unenlivened by 
the presence and voices of any vertebral animals, the landscape 
must have presented a very uniform and sombre though im-. 
posing aspect : better adapted to a state of preparation for the 
higher orders of animals, than for their actual existence : better 
adapted to prepare fuel for man, than for his happy dwelling. 

Rein, 4. A recent discovery has enabled geologists to ascertain with 
ffreater certainty and ease than before, the nature of fossil plants. The dif- 
•lerent families of living plants are distinguished not merely by external 
characters, which mostly disappear when petrified, but by a corresponding 
anatomical structure ; chiefi^ by the form of the minute vessels, of which 
they are composed. Now it is found that these vessels retain their form 
when petrifiea. Hence by cutting a fragment of fossil wood very thin, and 
poUshing it, a microscope will show these vessels, and thus enable the en- 

Suirer to determine the nature of the plant. For this discovery we are in- 
ebted to Mr. Witham, who has given directions for preparing fossil wood 
for such an examination. WWuim^s Obseivations on Fossil Vegetables^ 4^, 
Edinburghj 1831, Quarto. 

ANIMALS. 
1. RADIATED ANIMALS. 

Descr, This extensive class of animals are the most simple 
of any in their organization, and the most removed from com- 
mon observation m general They are distinguished by their 
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radiated structure : though in some of the first order, the 
Echinodcrmata, it has been lately shown that they possess 
somewhat of n '* bilateral symmetry," like the higher orders of 
animals. The whole class are frequently denominated zoophytes. 
Descr. The number of zoopnytes in a fossil state is very 
large ; and, in almost every case, they differ specifically, and 
: frequently genorically, from existing species. I shall notice 
those chiefly that are most unlike such as now live on the 
globe. 

Crinoideans^ or JSncrinites. 

Descr. These animals have long attracted attention from 
their peculiar structure and the immense quantity of their re* 
mains in some limestones called entrochal or encrinal marble* 
They belong to the first order of Radiata, or the Echinodermata. 
They are exceedingly rare among living animals, but two 
spocics, the Pentacrinus caput Medusaatj and the Comattda 
fiinhriata^ that have been discovered in the ocean, have thrown 
much light upon those that are fossil. Mr. Miller, who has 
written an excellent work, entitled the Natural History of the 
Crinoidea^ has divided them into nine genera. The two genera 
that have attracted most attention are the Encrinites monili- 
formls^ or lily encriiiite^ or sto7ie lily, and the Pentacrinus 
Briar cus. The former consists of a vast number of little joints, 
or bones, forming a column, (which may be called the vertebral 
column, although these animals are invertebral,) for the support 
of a cup-like body, containing the viscera, and from whose mar- 
gin proceed five articulated arms, dividing into tentaculated 
fingers, more or less numerous, surrounding the mouth. The 
animal was fixed at the bottom of the ocean, or to a piece of 
wood, and merely moved as far as it could reach by bending its 
very flexible column, which was admirably fitted for this pur- 
pose. The number of little bones, or joints, coinposing the head 
alone of this species, is estimated at 26.000. These bones are 
perforated and are used sometimes for rosaries. This animal 
relic is shown in Fig. 48. 
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Fig. 48. 




DescT. The stem of the eocrinite ie circular, but that of 
pentacrinife, pentagonal The latter, also, had usually a greater 
number of slue htuis and of joints. One of the most lemarka- 
bla of them was the briareaii pentaeriaite, (Pentacrinus Bria- 
reue) so cBllcd.Dn account of the great number of its hands ot 
tentacula. The bones in its fingers and tentacula, amount at 
least to 100.000 : and those of the side arms, to at least 50.000 
more. And since each bone must have had two set of muscular 
£bres for contraction and expansion, the bundles of muscular 
fibres in the whole animal must have been as many as 300.000. 
This vastly exceeds the muscular apparatus in any other animal. 
What a contrast to man, whoso bones are only 241, with 232 
pairs of muscles ! 

I^, 49, sbowB uiolher genus ar this faitiijy, the apiaainiiei or pear encr 
vile. It u lepvealtd m reitorad, aoJ liluateil u if io the water, 
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Fig. 49. 




Ren. Moie Ihitn 30 BpMU« or cnooideuiB have been found In the Tockl 
from the coal Ibrmation dowDwajrds : but Dane of these, with one eiception, 
hul a pentagonal column. Those of this form began lo appear at the epoch 
of the Uas, and haie continued lo the present da;. 

Descr. Polypi, Polypifers, or Polyparia, are those minuta 
radiated animtds that have the power' of eecieting carbonate 
of lime, and thus of huilding tip 
large stony structureB from the bot- 
tom to the surface of the ocean. 
^ They swarm in immense numben 
r in the seas of tropical climates, and 
form coral reefs which* sometimes e^' 
tend hundreds of miles. They seemj. 
to have existed in all ages, and to 
have formed similar deposits, which 
are now ranked among the lime- 
stoaes. Figs. SO, 51, and 52, shov 
several living species of these ani- 
mals as they are attached to tfaaii 
stony habitations. 




Fig. 51. 




DescT. The tentacula of theaa animals ace provided with 
cilia or minute heira on theit margins, which are capable of 
o keep currents of water in motion, 



Immense numbers 
» up a siDgle habitation, and 
le instinct: so that the strnc- 
cal proportions. Hence it is 
imals upon each stiucture ara 
e compound animal. In the 
usually 22 tentacula; and on 
species will 



that Food may be conveyed to tht 
of the polyparia unite in buildi 
they do this as if influnnced by 
ture rises with the most symmel 
stiB a question, whether all the i 
not to be regarded rather as ( 
Flnstra carbasea each polype he 
these, 2200 cilia. An ordinary 

contain 18.000 polypi ; and of consequence, 39C.000 tentacula, 
and 39.600.000 cilia. On the Flitstra fidiacea, Dr, Grant esti- 
mates 400000.000 cilia. Rogefs Bridgctoater Treatise. Vol. 
l.p. 122. 

DeicT. These polyparia mostly multiply by budsj called 
gemmulea, which prow liko the bud^ of plants from the parent, 
and after a time fall off and become distinct animals. A single 
polype in this mode may produce a million of young in a 
month. They may also be multiplied by division, when each 
separate part becomes in a short time a whole animal Dif- 
ferent parts may also bo made to grow together, and monsters 
of every form be produced. The Hydra ia one of the genera 
of polypi ■ and by taking the heads of several individuals, and 
grarting them to one body, a Hydra with seven, or any othei 
number of beads, may be produced. 
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Deser, Small as these animals are, they have nevertheleiB 
effected important geological changes on the globe ; for some 
of the most extensive rock formations appear to have resulted 
from their labors. But the next tribe of animals, which is to 
be described, furnishes still more striking evidence how power- 
ful an agency the minutest of all beings are able to exert upon 
our globe. 

Infiisoria. 

Di'scr, These animals are not discernible, with a few ex- 
ceptions, but by powerful microscopes : and as they usually 
ot'cur in some sort of infusion, they have been called Infusoria; 
though thoy generally go by the name of animalcula. The 
roccnt nstonishing discoveries of Ehrenberg, a Prussian natu- 
r.ilist, have given a new aspect to this department of animated 
nuturo, ovou in a geological point of view. He has described 
711 livinjij species, which swarm almost everywhere, even in 
tho lluids of living and healthy animals, in countless numbers. 

/)i .\'('r. formerly they were thought to be the most simple 
of nil nnimnis in their organization: to be in fact little more 
tliiui lUiUo jmrtioles of matter endowed with vitality; but he 
hu'^ disoovoroil U\ them mouths, teeth, stomachs, muscles, nerves, 
glaiuls, ovt's, anil organs of reproduction. Some of the smallest 
aniiualoula aro not more than the 24.000th of an inch in diame- 
tor; and the thickness of tlie skin of their stomachs, not more 
than tlio r)0.000.000th part of an inch. In their mode of repro- 
duction they are viviparous, oviparous, and gemmiparous. An 
iddividunl of the liydcUind stiita increased in ten days to 
lOOaoOO: on the eleventh day, to 4.000.000; and on the 
twelfth day, to 10 000.000. In another case Ehrenberg says 
tluit one individual is capable of becoming in 4 days, 170 bit 
lion^^ ! Am, Journal of Science^ Vol, 35. p, 372. 

7>t!>vr. Louwenhoeck calculated that 1.000.000.000 animal- 
cula, such as occur in common water, would not altogether make 
a nta'^s so largo as a grain of sand ; Ehrenberg estimates that 
r»Ov). 1)00. 000 of them do actually sometimes exist in a single 
drop of water. 

Desc.r, In the Alps there is sometimes found a snow of a 
rod color ; and it has been recently ascertained by M. Shuttle- 
worth, that the coloring matter is composed chiefly of infusoria, 
with some plants of the tribe of Al^se. And what is most 
singular, is, that when the snow has been melted for a short 
time, so as to become a little warmer than the freezing point, 
the animals die, because they cannot endure so much heat ! Bif 
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bliotheque-UniverseUe de Geneve, for February, 1840 ; as quoted 
in Etudes sur les Glaciers, par Agassiz, p. 62. Neuchatel, 1840. 
A specimen of meteoric paper which fell from the sky in Cour* 
land in 1686, has been examined by Ehrenberg, ana found to 
consist, like the red snow, of Conferva and Infusoria. Of the 
latter, he found 29 species. Annals and Mag. of Nat. History, 
No. 16, p. 185. 

Descr. Surprising as these facts are, it will perhaps seem 
still more incredible, that the skeletons of these animals should 
be found in a fossil state, and actually constitute nearly the 
whole mass of soils and rocks several feet in thickness, and ex- 
tending over areas of many acres. Yet this too has been ascer- 
tained oy the same acute Prussian naturalist. The following 
formations, he says, are of this description. 

1. Bog Iron Ochre i 

2. Kieselgiohr, a. siliceous incrustation, from > Alluvial 

hot springs. . S 

3. Polierschi^r, Polishing Slate, a variety j 

of Tripoli, or rotten stone. > Tertiary. 

4. The Semi-opal of the Polierscheifer. J 
Probably of ^ 5. Semi-opal of the Dolerite, 5 Secondary. 

the same > 6. Precious Opal of the^Porphyry, > and 
nature ) 7. Flint of the Chalk. > Primary. 

Descr. Some of the above substances occur in large quan- 
tity. The polishing slate for example, at Bilin in Germany, 
forms a bed 14 feet thick, and the eatable infusorial earth near 
Lunebourg, a bed above 20 feet thick. Yet it would take 
41.000 millions of these skeletons to make a cubic inch ; their 
weight being only 220 grains ! A single shield or skeleton 
weighs about the 187 millionth part of a grain ! 

Descr. The chalk of Northern Europe is more than half 
inorganic matter, the rest animalcula. Forty species are found 
in it. Dr. Buckland, as quoted in the Edinburgh New Philos. 
Journ. Jan. to April, 1841. p. 441. 

Descr. The animalcula differ from all other animals, in hav- 
ing their softer parts protected by a shield, or skeleton, which 
may consist either of silica, lime, or oxide of iron. These 
shields, of course, will not be altered by the Wrongest heat ; and 
although some of the rocks above named, have been subject to 
heat, the skeletons often remain very entire, and their organic 
structure is very obvious through a powerful glass. 

Descr. In New England and New York, the siliceous marl (^BergnieM^ 
or MowtUain mealf) already described as ooeurring beneath peat in swampsp 
has been recently shown by Prof. J. W. Bailey, of West Point, to be 

11 
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•Imoft entirely made up of the foeeil ekeletonf of infiuoria, bebncuif; to titf 
fitmUy of BaccilhuruB : eome of which appear to be identical with tnoee fNUid 
hj Ehrenberg in Gennanj. Fig. 53, ehowe a group of theee foenl akeletona^ 
■keiched by r ro£ Bailey, ai thqr Wear when difliieed in water, under the 
microecope. American Journal of Science, Vol. 35. p. 118. Depoeits of this 
■iliceoue marl are Tery common in Manachueetts ; and all hitherto ex- 
amined, contain vait namben of theee rdica : indeed, thcrjr conetitute neariy 
the whole of the depoeiti. I haTo examined epedmene firom Spencer, Pet* 
ham, Barre, Mancheeter, Fitchburg, Wrentham, North Bridgewater, and 
Andover. Profeesor Bailey hae given a detailed account of the apecies from 
theee localitiee, with drawing!, in my JFHnal Report on the Cfeology ofBiomt^ 
c4ic«tts, FM.3.p.3lO. 



Fig. 53. 




F\f99U Jnfuaoria. 

Descr. Of 80 species of fossil infusoria discovered by Ehieii- 
berg, nearly one half belong to extinct species. Those, in the 
recent strata are all fresh water animals ; but those in the chalk 
are marine. London and Edinburgh Philosophical Magazine, 
for May, 1839,;?. 277. 
/ Descr. " The fossil animalcule from iron ochre is only the 
one twenty first part of the thickness of a human hair ; and one 
cubic inch of this ochre must contain one billion of the skeleton! 
of living beings." * Wonders of Geology, Vol. 2. p. 689. 

Descr. The ferruginous scum that appears upon the watet 
of some springs, as well as the red deposit at their bottom, i# 
composed partly of the remains of animalcula, and partly of 
inorganic oxide of iron. Edinburgh New Philos. Journ. Jan. 
to April, 1841.;?. 441. 
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2. ARTICULATED ANIMALS. 

Deser, The animals of tliis class are distinguislied by hay* 
ing envelopes connected by annulated plates or rings. 

Exam, The earth worm, blood sucker, lobsteTi crftb, horse shoe, spiders, 
■oorpioDS, insects. ' 

l&m, Excepthig the insects, of which more than 100.000 living spedes 
an abcttdy known, the animals of this class are not numerous ; and but few 
' of its tnb^ are found in the rocks. 

Insects, 

Deser. Until recently, no insects had been discovered lower 
in the rocks than the oolite: but two species of Coleoptera, 
and one of Corydalis, have of late been disinterred in the coal 
formation. BtbcklandJs Bridgewater Treatise, Vol. 1. p. 409. 
Not less than 25 species occur in the oolite, several in the 
Wealden, and 244 species in a fresh water formation of the ter- 
tiary group. BronrUs Lethcea Geognostica, j?. 811. Annals and 
Mag. Nat. Hist, Feb. 1841, j?. 495. 

Rem. If there is any probability that insects were numerous in early 
times, and no sufficient reason can be given to show that they were not, it 
may seem strange that their remains so rarely occur. But in the first place, 
a large part of these animals axe too frail to be preserved in a fessil state. 
Secondly, only one or two species of insects are found in salt water, which ia 
the principal medium by which organic remains have been preserved : and 
thirdly, they are so li^ht as to. sii& with difficulty in the waters, while a 

great numlier of insectivorous animals are watching to devour them, as they 
oat along on the sur&ca 

Arachnidans, or Spiders and Scorpions. 

Deser, The scorpion has recently been found in the coal 
formation in Bohemia, by Count Sternberg ; and is the first 
example of this animal in a fossil state. Spiders have not been 
found lower than the oolitic series, where only two species are 
recognized; but in the fresh water tertiary severid species 
occur. 

Crusta^ea/ns, 

Deser. Crustaceous animals are not common in the rocks : 
yet the King Crab (Limulus,) so abundant on the coast of New 
England, has been found in the coal formation, and also in the 
oolite, where other animals of this family occur. But the most 
remaricable animal of this class is extinct, viz. 

The TriloHte. 

Deser. This singular animal, which is found in the older 
fossiliferous rocks, in all the northern parts of Europe, in North 
and South America, and at the Cape of Good Hope, was long 
confounded with insects. But it was at length ascertained that 
it corresponded most nearly to the living genera of crustaceans, 



til TKlU»tTB«. 

iL« Scralis, Lualos, mad BnocUpiu. Fig*. 5i, and 55, m- 
pnMBt two (cnuk of tnlobiias, oat of the ton genera and 52 
t pet i t j tkat ai* known. It will bo Man that this animal ia eom- 
powd oJT s ahleld covvnng the anterior part of the body, while 
UM BbdMnen hai BOBMoas wginenta which fold over one another 
like ihoae on a khatar'B tail By this arrannnMnt eone of the 
fttint had the fomvt to ndl thunadvea up Cue the wood lonasgl 
or the armadilloi, and thus of dalending themsolTes against en«- [ 
mies. Theee "■■'■-t'T an aiiully from one to six inchea Iodk 
and an divided by longitudinal tiirrowB into thne lobes ; and 
hence their name. They seem to have been destitute of an- 
tenna, and their legs, which were soft, and which answered the 
purpose of legs auT wings, have disappeared. 

Arr. Bjbi tlm Uig«« trilotitta yet dMoifaed, a tbe Z»Mhi maximmt, 
bund in Ohio, utd flfOrtd by Profeanr Locka, in the Second Anniul Un- 
portDlilbaGeDlogy orthet Slate, P.S48. lie entire ktigth ■ 31 inchn I 



Fig. 54. 
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Daer. Trilobitea &boiiiuled amODg the earliei inhabitanta 
of tha globe, being most common in the graywacke. A ieir 
vpeciea occni in the cerhoniferoaB strata ; above which, oot a 
trace of them has beeu discovered. In the cathomfeions strata 
they are accompanied bv the Limulus. This latter also occutb 
in the oolitic group, witn other crustaceans of a higher oider. 

Deter. Peihaps the most curious fact respecting the tiilo- 
' bites, is the discoTeiy of their eyes, which ore sometimes per- 
fectly pieaeired. It is well known that the eyes of crostaceous 
animab, like those of insects, are made np of a vast number of 
facets, 01 lenses, placed at the end of tubes, which are arranged 
side by side, so as to prodnce a radiating mass of eyes, which 
being generally of a hemispherical or conical form, and some- 
times eTarated from the head on a stem, enable the animal to see 
in every direction ; although their eyes have no motion. In 
some insects the number of these lenses in both eyes, as in the 
housefly, is 14.000: in other cases, (the dragon £y,) 25.000 : in 
others, (the butterfly,) 35.000 : in others (the Mordella,} 50.000. 
Bnt in the trilobite they amount only to about 800, The whole 
nwBS is of a conical shape as is shown in Fig. 56. 

Fig. 56. 




3. HOLLDSOA. 

DescT. The Molloscons animals compose the third great 
daas of those that are invertebrel, reckoning from the least to 
the most com|dex. This class embraces those animals that are 
destitute of a spinal marrow, or articulated skeleton; but whose 
muselesi are attached to a calcareous covering, celled a shell ; 
or to a soft skin extemaUy, and to a hard body within, analo- 
^ua to shells. Thev are most abundantly difiused among liv- 
ing animals ; and the great number of their remains in the 
rocks, proves, either that they were more numerous than other 
animals in early times, or that they were more readily pre- 
served. Perhaps we must call in both circumstBDiceB to enilain 
the fact. 

11* 
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Chamherei Shtttt. 

De»er. Tkese ue ouivalve shells, which aie diTidetT into 
nnmerous compartments, oi chambers, by cross partitions ; as if 
ahowD in Fig- 57, Tbiah is a section of tba common NautUut 
pompilius. These partitions are all perforated by wbat is called 
the sipkiiAcle, which consists nostlv of a membrane, baring th« 
form of a tube, and being so firmly fastened to the partitions 
that no air can para by into the chamb«T8. The animal resides 
in tbe outer chamber, and is connected with the others only by 
the siphuncle. Around the heart of tbe animal is a sac, wnich 
may contain fluid enoiigh to fill the siphuncle. Now tbe object 
of this structure is to enable the animal to rise or sink at Mea- 
sure in the water. When tbe sac around the heart ia filled 
with fluid, the Biphuncle is empty, and the air in the posterior 
chambers expands, so as to cause the shell to rise and float in 
the water ; but when the animal withdraws its arms into the 
shell, the fluid in the sac is compressed, and forced into the 
siphuncle, which condenses the air, and thus the animal is made 
heavier than the water, and sinks. In short, he rises and sinks 
in exactly tbe same manner as a water balloon. 

Fig. 57. 




nan. Although the nsntUu* hu atlraeUd great aUentioo from the eaifieit 
time*, it ia only within two or three jem that Dr. Backland Gnt discorerall 
the true eipliDBtion of the nunner in which it conld rise or sinlt &I plearare 
in thg witer. Bridgneaier TVeotiii, Pel, 1. p. 33&. Mr, Owen, lioweTW, 
doubt* ths conwctiMM of thia «»pl«n«luin. 
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Deter. With the exception of one or two Speens of nttntilaB, 
all the Iftrger species of moltilocular or chambered shells have 
dicappeared from the earth, although in early times they were 
Tflry numerous and widely diffused, and often of enormous size. 
. They resembled the nautilus in Mneral form and structure, al- 
' though generically different; ai^ they are sometimea found 
more than foui feet .in diameter. Figs. 58, 59, represent two 
species of ammonites. 



Fig. 58. Fig. 59. 




Dttaih. Brochant enumeiatea 370 ipecies of uDmonitcs : PhUlipt men' 
lioiM in'4, which he distributes as IoUowb; In emywncke, 17; in tbe cai- 
iMjaifennu Ajstem, 33 : in the aaliferous BTHtem^ 3: in the oolitic ■jHtem, 164 : 
>i the cretaeeoiu sratem, 57 : in the terttaJT Biriita, 7 TiiaUse an Geology, 
V<ii.l.p.S3. 

De$cr. It is well ascertained that in some chambered teata- 
tea, the shell is contained within the animal ; as in the Spirula 
Peronii, Fig. 60. This appears to have -been the case with 
several extinct, genera, as the Orthoceratite, Lituite, Baculite, 
Hamite, Scaphite, Tunihte, Nnmmulite, and Belemnite. 

Fig. 60. 
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Orikoceratiie, 

Descr, As its name implies, this was a straight shell diTided 
by transverse septa into chambers, of which nearly 70 hare 
sometimes been counted. It has been found a vara in lei^th, 
and half a foot in diameter : forming afloat, which would have 
been sufficient for an animal far larger ^an any existing cepha- 
lopod. Fig. 61, shows the shell of an orthocera with one of 
the septa. 

Fig. 61. 




OrthocercL 

Inf, The great size of these shells, as well as of the ammon- 
ites, confirms the views already presented of the existence of a 
very warm climate when they were alive in northern seas. 

Rem, Not less than 90 species of orthoeeratite are found in the gnj' 
wacke, and 28 in the carboniferous group. They have not been found m 
any later rock. 

Belemnite. 

Descr. This internal shell resembled a conical arrow, with a 
cavity of similar shape, in which was a thin horny sheath, and 
within this, a thin conical chambered shell, or alveolus. It was 
rovided, also, with an ink bag, like the living Sepia, or cuttle 
sh, as a defence against enemies, or rather, as a means of mak- 
ing good its retreat. These shells are found only in the oolite 
and the chalk, and 83 species have been described. 

Fig. 62, shows an imaginary restoration of the Belemnosepia, as made by 
Dr. Suckland, {Bridgewater Treatise^ Vol. 2. plate 44. fig. I.) exhibiting tb6 
animal with the internal shell and ink bag. > 



i 
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Fig. 62. 




Nitmmulitei. 

DescT. These extinct shelU 
aie so called from their re- 
semblance to money. They 
ftrs generally of very dimina- 
tiTe size, and belong to what 
are called the foraminaled 
poli/tAalanious, or many 
chambered abells. They an 
chiefly remarkable for their 
vast numbers, constituting 
often almost the entire mass 
of frhole mountuns, in the 
tertiary and newer seconda- 
ry limestones. The Sphinx 
and some of the pyramids of 
Egy[it are composed of num- 
mulitic limestone. Fig. 63, 
exhibits a species of nnm- 
mulite. 

Fig 63. 




Lotigo or CitttU Hth. 

DescT. It is well known 
that the cuttlefish, (Sepia or 
Loligo,) is provided with a 
bag of ink within its bod^, 
from which the sepia used in 
painting is obtained; and 
also with an internal bone, 
or in some species, a mere 
thin cartiWinous substance 
like horn, uiat reeemblea a 



190 roMiL KOiLVtca. ' 

quiU. Botli tlie ink and the pen of tha Loligo liave isMntlr 
been disooTOTed in a fossil state in England. BwManat 
B-ndgtviattT Trtatist, Vol. 1. p. 303. 

Ren. It ia ft ■nrj emioiu ftet, tluU a nibstuice to taAYj dsrtrojed u ink, 
■hoDld hftTs bacm ■» praftcU; (nvwrved in the liu fimutoQe of Lyue Rc^i, 
tlut lAer thmuuxli uid pailufii tan thauiuid* of ifSf, it can be extnclcd, j, 
uid the paint Swmed bom it eumot be dimingniihed Bom the bcM nUchI 
utifta now pnpue I It ii alw inteteating to \mm that for thii diiKorcrf wa 1 
ue indebted to the indtutrj and akill of ■ lady (Mia Mai; Anning,) *Ad.( 
with oihen of het *ex that might be aimed, ii doiviB much fix the kmcun of 
geolog; in Englaiid. 

Bivalve SktUs, mostly extinct. 

Deter. Of the TenbntsU, (F^' ^i) ^ >pecie( have been fbnnd in Um 
graywacke) 31 in the oaibtnu&roui mtan: 14 in tlie net* red ■and' 
■lone I ^ in tha ocdite ; fi7 in the chalk i IS in the tertifti; tfnta, and U 
among lirinf moUiuea. 

Deicr. Of the FrodDCtft, (Elg. 65,) Si apedea ara finmd in the gttcj- 
vacke ; 36 in the earbonifttOQa (yilem ; and in tiM new led SMidatan^ 
7; nooe above. 



F^. 64. 




Pig. 65. 



Fig. 66. 




Descr. Of the Sprifer, Pig. 66, which ahowa the apind 
within the ehell ai weU M the eiteroal appearance, 37 epeciea i 
the gnjwacke, 48 in the calbonifelouB ayitem, and 7 in the red 
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YERTEilRAt ANIMALS^ 

Descr. This extensive division of tlie animal kingdom em« 
braces those- animals whose organization is the most perfect, 
with man at their head. A craninm, and vertebral column, 
which encloses the principal part of the nervous system, and a 
regular skeleton, coverea by muscles, constitute tne principal 
anatomical distinctions between this class and the tnree that 
have already been considered. It is divided into four well 
marked tribes : 1, Mammalia. 2, Birds. 3, Reptiles. 4, Fishes^ 

Fishes, 

Rem. Ichthyology, or the history of fishes, has leceited such ^eat im^ 
provements from the labors of Professor Agassiz, as developed in his great 
work now in the coarse of publication, entitled Becherches swr les Poissans . 
JPbssUes^ par V Agassiz, <^. that it may almost be regarded as a new sdence. 
Especially is this the case in respect to fossil ichthyology. 

Descr. The number of living spe<des of dshes now known, 
amounts to about 8000 : and the ntimber of fossil species to \nore 
than 850. BucklaruPs Bridgewater Treatise, VoL 1. p. 267. 

' Descr, Fishes are found in all the ereat rock formations 
from the gray wacke upwards . — a fact which is not true of any 
other class of vertebral animals ; and therefore, the history of 
fossil fishes becomes of ereat importance. 

Descr. Agassiz divides fishes into four orders; deriving 
their characters from the scales : 1. The Placoidians, or those 
whose skin is covered irregularly with plates of enamel (from 
TtXal, a broad plate.) 2. The (ranoidians ; (from yavog, splen- 
dour,) or those having angular scales of horny or bony plates, 
covered with a thick plate of enamel. 3. The Ctewndians, 
(xTfitg, a comb,) or those having jageed or pectinated scales. 
4. The Cycloidians, (xvxXog^ a circle^ or those having scales 
smooth and simple at their margin. 

Descr. Three fourths of the existing species of fish belone 
to the two last orders, whose existence has not been ascertainea 
below the chalk : the remaining fourth belongs to the two first 
orders: which are not at all numerous now, out existed alone 
in all the periods during which the fossiliferous rocks below the 
chalk were deposited. Agassiz in the American Journal of 
ScieTice, Vol. 30. p. 39. 

Prin. Not one species of fish has yet been found that is 
common to any two of the great geological formations ; or is 
now livingin the ocean. 

Prin. Fossil fishes do not change insensibly as we pass verti- 
cally from one formation to another, but abruptly ; and these 
ehanges occur simultaneously with those in other classes of 
organic remains. 



Inf. Hance the concliuions that liaTe been mode fiom tlio 
Liatorv of other organic lemains, aie confirmed by this atv 
branch of palsontology. 

Deter. Below th« chalk not eyen any genua is found that 
embraces any living species : those of the caibonifecous strata 
disappear with the depositioo of the new red sandatone ; those 
in the oolite, introdncad aflai the epoch of the new red sand- 
stone, suddenly vanish with the appearanoe of the chalk. Two 
thirds of those in the chalk and one third of those in the lower 
tertiary strata, belong to genera no longet existing. American 
Journal of Science, Vol. 30. p. 40, 41. 

Rem. Thn coniUncj in tha chu&cter of foual Babta has enabled M. 
Aguoi to detarmim the true ntiwtian of meral groups of rocks in the 
ceologkkl icitle, that geoto^ati had been unable to £z ; or had pot them ^ 
the niong place. 

Prin. In some of the groups of animals preserved in the 
rocks, certain types of oiganization predominate; and such was 
the correlation between aifierent species, that tJiey often con- 
form more or less to the prevailing type. 

Exam, 1. In the older fbaailileniiiB rocki, tiilolatea occac in gtett qoan- 
lilieB ; and ia the old red suidetone ia ibnod a gCDua of fishes approachuig In 
fcrm lo the trilobitei. Fig. 67. ezhibiU a species of this kind. 
Fig.- 67. 




Ex. 3. In the seconder; rtnta, dann^ Ihe deposition of ihe oohte eapa^ < 
ei^ly, sannan repUea prevailed •zceedinglj' Agtaax has descnbsd IT' 
geneiii, of eanrokt fishes, fband in all the tbrmatioiiB froDi the carbonifeioaf; j 
upward, except the tertiary: but <Hily two ^eneis remain among Uvinc j 
fiehes: viz. the lapidosteus osseus, or boDj pke of North America; of whk^ j 
there exists Ate epecies ; aod the Calypienn of two epcdes. Some of tl ~ ' 
sauroid fishes in the rocks were of enormoas rize; their teeth bdng la- 
than those of the liTing crocodile. 

Sharki. ., ' 

Descr. These fishes occur in a Uvine state all over the glob* ; ; 
and there seems to hare been no period in geolt^cal histo^ lo. : 
which the;^ did not prevail. More than 150 species have been 
ft found fossilized. Fig. 68, showa a shark's tooth of enonaous 



■ize, found in Lenoir Connty, Nortli CBrolina, by Mr, Jokn 
Limber. Eatimating the size of the Bnimal by th« rules eiren 
by zoologista, its length must baTe been between 70 and 100 
feet 
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Descr. Another singular variety of fish is found in all the 
strata below the lias, distinguished by their heterocercal or un* 
symmetrical tails; that is, oy tails whose upper lobe extends 
much the farthest, by the prolongation of the vertebral column. 
Fig. 69, represents one of these fishes of the genus Palaoniscus. 
Most living fishes have homocercal or equally bilobate tails. 

Fig. 69. 




PeUcRoniscus. 

Coprolites, 

Descr, The fecal remains of fishes and other animals which 
have been found frequently in several formations, have been 
called Coprolites. Sometimes they are found detached and 
sometimes in the body of the animal ; and the information de- 
rived from them, as to the food, habits, &c. of the animals to 
Which they belong, is of great importance. 

Illus. A coprolite of the ichthyosaurus was shown to Prof. Agassiz, con- 
taining a small scale of a fish ; which he immediately recognized as having 
belonged originally to a particular spot on the body of an extinct species of 
fish ; and thus he ascertained the food of the ichthyosaurus. Buddand^t 
Bridgewater TrecUue^Vol. l.p. 191. 

Reptiles, 

Def, The remains of reptiles in the rocks are perhaps more 
remarkable, and have excited more astonishment and incre« 
dulity, than those of any other class of animals. This is espe- 
cially true of that tribe called Smrians ; which in popular lan- 
guage, is nearly the same as lizards ; though the lizards pro- 
perly so called, embrace only two genera of Lacerta. Cuvtei^s 
Kegne ^Animal, Tome 2. p. 30. 

Saurians. 

Descr, The most remarkable feature of the fossil sauiians 
is their great size, as compared with those species still fbund 
upon the earth. The crocodile is the only exception to this 
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remark : the living species being probably as lar^e as those that 
are extinct. But the true crocodiles did not begin to appear till 
the tertiary epoch. 

Descr. No fossil saurian has been found below the mag- 
nesian limestone of the new red sandstone system. It was not, 
however, till the oolite and Wealden perioa that their number 
was lar?e, and their developement complete. That may be 
truly called the age of reptiles; or the saurian reign. At least 
40 species of saurians have been described already from the 
oolitic group, and 1 1 species from the^wealden rocks. In all 
the formations there have been found about 80 species. 

Def. Dr. Buckland divides the fossil saurians into the marine, 
the terrestrial, the amphibious, and the flying. Bridgewater 
Treatise J Vol, I. p. 165, 



Ichthyosaurus. 



Descr, This animal, sometimes more than 30 feet long, and 
of which 7 or 8 species are known, had the snout of a porpoise, 
the teeth of a crocodile, (sometimes amounting to 180,) the head 
6f a lizard, the vertebrae of a fish, the sternum of an ornithor- 
hynchus, and the paddles of a whale : uniting in itself a combi- 
nation of mechanical contrivances which are now found among 
three distinct classes of the animal kingdom. One of its pad- 
dles was sometimes composed of more than 100 bones; which 
gave it great elasticity and power, and enabled the animal to 
urge its way through the water with a rapid motion. Its ver- 
tebrae were more than 100. Its eye was enormously large : in 
one species, the orbital cavity being 14 inches in its longest 
direction. This eye also, had a peculiar construction to make 
it operate both like a telescope and a microscope : thus enabling 
the animal to descry its prey in the night as well as day, and 
at great depths in the water. The length of the jaws was some- 
times more than 6 feet. Its skin was naked, some of it having 
been found fossil : its habits were carnivorous, its food, fishes 
and the young of its own species ; some of which it must have 
swallowed several feet in length. This fish-like lizard was an 
inhabitant of the ocean. Fig. 70, exhibits a restored ichthyo- 
saurus, by Mr. Hawkins. Memoirs of Ichthyosauri and Plesio- 
iourij extinct Monsters of the ancient earth. By Thomas HaW' 
kins, Esq. Folio with 28 plates. 
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Fig. 70. 




Ichthyosaurus. 

r 

Plesiosaurus, 

Descr. This animal, of which 6 or more species have been 
found, has the general structure of the ichthyosaurus. Its 
most remarkable difterence is the great length of the neck; 
which has 33 vertebrae : a larger number than in any known 
animal : those of living reptiles varying from 3 to 6, and those 
of birds from 9 to 23. 

The largest perfect specimen yet found is 1 1 feet long ; with 
about 90 vertebrae. Its paddles were proportionally larger than 
in the ichthyosauri. It was carnivorous ; an inhabitant of the 
ocean, or rather of bays and estuaries : where it probably used 
its long neck for seizing fish beneath, and perhaps flying rep- 
tiles, above the waters. Fig. 71, exhibits a restoration of one 
of the most remarkable species, the P. dolichodeirus, by Mi. 
Hawkins. 

Fig. 71. 




Plesiosaurus. 

Rem. According to Dr. Harlan's Medical and Physical Researches, 
ichthyosauri and plesiosauri have heen found in the secondary rocks of the 
United States. He has also described another gigantic reptile from this 
country under the name of Batrachiosaurtis Missounensis. Mining Review 
for January^ 1839, p. 10. 

Mosasaurus. 

Descr. Up to the time of the deposition of the chalk, the 
ichthyosaurus and plesiosaurus appear to have ruled in the 
ocean : but then they disappeared, and the mosasaurus took 
their place, to keep the multiplication of the species of other 
animals within proper limits. It was most nearly related in its 
structure to the monitor, a species of lizard now living. While 
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the head of the largest monitor does not exceed five inches in 
length, that of the mosasaurus is 4 feet long ; and the whole 
animal 25 feet in length : while the monitor is only 5 feet in 
length. It had paddles instead of legs ; and the number of its 
vertebrae was 133. 

Megoblosaurus* 

Descr. This name (meaning a great saurian,) has been 
given by Dr. Buckland to a gigantic terrestrial reptile, from 
40 to 50 feet lone, allied to the crocodile and monitor in struc- 
ture, and found m the oolite. The animal was carnivorous ; 
and in the structure of its teeth are combined the knife, the 
saw, and the sabre. Its principal food was probably crocodiles 
and tortoises. 

Igtianodon. 

Rem> For our knowledge of this moBt gigantic of all the reptiles of a 
fermer world, wo are indebted to the industry and scientific acumen of Dr. 
ManteU, who found its bones alon^ with those of the megalosaurus, hylseo- 
sauTUS, plesiosaurus, crocodile, &c. in the wealden rocks in England ; a fresh 
water, or rather an estuary formation, extending over more than 1000 square 
miles. It must once have formed the delta of a large river, which has dis* 
appeared, as Well as the country from which it originated. Wonders of 
Geology, Vol. 1. p. 368. 

Descr. This animal approaches nearest in its structure, es- 
pecially that of the teeth, to the living iguana : a reptile of the 
warmer parts of this continent; and hence its name: signifying 
an animal with teeth like the iguana. Its average length could 
not have been less than 70 feet, and Dr. Mantell thinks some 
individuals must have exceeded 100 feet : circumference of the 
body, 14.5 feet : length of the tail, 52.5 feet : do. of the hind 
foot, 6.5 feet : circumference of the thigh, more than 7 feet ! 
The form of the teeth shows it to have oeen herbivorous, like 
the living iguana. It had a horn 4 inches long upon the snout, 
like some species of iguana. Fig. 72, will give some idea of 
the iguanodon.* 
.^ « ^ 

* In looking at Mr. Martin's thrilling picture, that forms the Frontispiece 
to Dr. Manteli's Wonders of Geology, entitled The ammiry of the I^uanodon 
Restored, one cannot but be reminded of Milton's graphic description of 
Satan. 

" With head uplift above the waves and eyes 
That sparkling blazed, his other parts besides 
Prone on the Hood, extended long and large 
Lay floating many a rood, in bulk as hu^e 1 

At whom toe fitblet name of monstrout size, 

12* 
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Fig. 72. 




Jiguana. 

Pterodactyle. 

Hem. Of all the fossil animals probably this is the most heteroclitic, and 
at first view, monstrous. Hence anatomists were unable for a long time to 
refer it to its true place among animals ; some pronouncing it a bird, some a 
. eptile, and some a bat. But Cuvier at last developed its true characters, and 
proved it to be a beautiful example of the wisdom that adapts creatures to pe« 
culiar and varied modes of existence. 

Descr. This animal had the head and neck of a bird, the 
mouth of a reptile, the wings of a bat, and the body and tail of 
a mammifer. Its teeth, as well as other parts of its structure, 
show that it could not have been a bird ; and its osteological 
characters separate it from the tribe of bats. But in many re- 
spects it had the characters of a reptile. The outer toe of its 
fore feet was enormously elongated, to furnish support, ^it is 
probable, for a membranous wing. By this means these ani- 
mals were doubtless able to fly like the bat ; while the fingers 
with claws projecting from their wings enabled them to creep 
or climb. When their wings were folded, they could probably 
walk on two feet ; and it is most likely, also, they could swim. 
Their eyes were enormously large; so that they could seek 
their prey in the night. They probably fed on insects chiefly ; 
thougn perhaps, also, they had the power of diving for fish. 
Eight species, from the size of a snipe to that of a cormorant, 
have been found in the oolite and lias in England, and on the 
continent of Europe at Solenhofen. Fig. 73, shows several of 
these animals restored. 

Titanian, or earth born, that warred on Jove. 
Briareos or Typhon, whom the den 
By ancient Tarsus held, or that sea beast 
Leviathan, which God of all his works. 
Created hugest (hat swim the ocean stream. 

ParadUe Last^ Book 1. Ime 190. 
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Rem. '• Thus," nya Dr. BncklBnd, " like MHCon'a eend, all qualified &t 
■11 wrrices, and ttU elements, the plerodactjie wu a fit companion for tha 
kindred rq^itea that awanned to the aeaa, or crawled on the aborea of & toi- 
bolentphntt 

" The Fiend, 
O'er bog, or iteep, through straight, (ough, dense, or rare, 
With b^, handa, winga, or feet, pursnea hia way. 
And awims, or ainka, or wades, or creeps, or dies. 

ParaJac Loa, Book S. Hat Oil. 

"With floi^Bofsach-like creatures fljing in the UT, and alMiiIa ofnoIeM 
■oikitrDlls ichthjasanri and pleaicwun swarming in the cnean, and giganlic 
crocodiles and t«rttnsea crawling on the shoiea or the primeval lalcea and 
fbera ; air, sea, and land most liava been strangely tenanted in then early 
periods of our infant worM." Bridgewaier TYtatiie, VoL 1-P- SSI. 

Crocodiles and Tortoises. 

Deser. Of twelve species of the croeodUe family now living 
three are alligatois, eight true crocodileg, with a ehoct and 
hroad snoot, and one, the gaWal, with a long and narrow 
beak, adapted for feeding on fish. Of the six oi more fossil 
species, all those in the seeondarr rocks approach in strnctoA 
to the eariat ; probablj' because few other anitnals then dxisted 
bat fish on which they conid feed. These gavial satliiaiU sn 
called teleosauri and steneosauri. Of the former, one h&s been 
found 18 feet long, with 140 teeth. The foesil crocodiles with 
■hort snouts, differ so ttttle from existing species, as to need no 
deteripdoo. 



140 BIRDS AND MAMMALIA. 

Descr. Tortoises, both manne, fresh water, and terrestrial, 
haye been fbond fossil in all the formations above the coal for- 
mation. One of these in the moschelkalk, a sea turtle, was 8 
feet long. Numerous tracks of tortoises have also been found 
on the new red sandstone in Scotland : but these will be de- 
scribed in a subsequent part of this section. 



Birds, 

Twenty speciefi of birds have been found in diluvium ; ten in 
die tertiary strata, and recently, one species of Grallse, or 
waders, in the Wealden formation ; and tnese are all the fossil 
relics of this order of animals yet diseoyered. The tracks of 
more than 20 different species of animals have, however, re- 
cently been brought to lignt in the valley of Connecticut river, 
in IVlassachusetts and Connecticut, on what is thought to be the 
eauivalent of European new red sandstone ; and a large part 
of these resemble the impressions of bird's feet more than those 
of any other known animals. But these will be more particu- 
larly noticed farther on. 



MAMMALIA. 

Descr. There is reason to believe that the Marsupial Mam- 
malia appeared earlier on the globe than any other animals of 
this class. For Dr. Buckland has found two undoubted species 
of the marsupials in the oolite of England. 

Descr. With the above exception, all the other fossil mam- 
malia occur in the tertiary strata and drift. In the eocene ter- 
tiary, as many as 50 species have come to light. Cuvier de- 
scribed 78 species in his great work, the Ossemens Fossiles ; 49 
of which are extinct : and since that time the number has been 
increased to nearly ^00. 

Descr. Among these fossil animals, are many of existing 
genera, and so nearly related to existing species, that a particu- 
lar description will be unnecessary. Such are the fossiFspecies 
of the rhinoceros, hippopotamus, hog, cat, glutton, horse, ox, 
deer, bear, hyaena, weasel, hare, rabbit, rat, mouse, &c. In 

general, however, the fossil species are of a larger size than 
liose now living ; indicating a warmer climate when they were 
upon the globe. 

Descr, The marine fossil mammalia, such as the whale, the 
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dolpKiu, tlcLQ seal, tlie walrus, and lamentin, occur as we should 
expect, in tertiary strata deposited in the ocean ; and some of 
the terrestrial mammalia are fon&d mixed with marine animals 
in salt water formations ; having been drifted into the ocean by 
rivers. Other terrestrial mammalia are found in fresh water 
formations, deposited at the bottom of lakes and ponds during 
the tertiary epoch. Others occur in caverns and fissures, which 
existed in the dry land during the same period : and finally, 
similar remains are found dispersed through the diluvium, 
which is spread over formations of every age. 

Descr. At the meeting of the Association of American Geologists in 
1841, Dr. Harlan stated that the continuous vertebrse of a cetaceous animal, 
denominated the zygodon, had been found in Alabama, as much as 100 feet 
long. 

Descr. The history of bone caverns and fissures, as de- 
scribed by Dr. Buckland in his splendid work entitled Reliquia 
Dlluviance^ deserves a more extended notice than can here be 

fiven. From a careful examination of these osseous caverns, 
y Dr. Buckland, it appears that some of them, as that of IGrk- 
dale, Kent's Hole, &c. in England, were the residence of hysBnas, 
for a long time previous to the historic period ; and that these 
animals dragged in thither great quantities of bones of other 
animals on which they fed. This is proved by the broken and 
gnawed state of the bones, and by the great quantity of copro- 
Iites belonging to the hyaena found m the caverns. Other 
caverns appear to have been the abodes of bears for a long 
period, as those of the limestones of central Germany. In one 
of these, the cave of Kuhloh, more than 500 cubic feet of black 
imimal dust, impressively denominated the dust of death, were 
found, resulting from the decomposition of bears ; which must 
have required at least 2500 of these animals ! The bones of 
the osseous breccia, found in fissures in Somersetshire in Eng- 
land, and on the northern shores of the Mediterranean, belong 
mostly to animals that fell into fissures that were afterwards 
filled with detritus. Reliquia Diluviance^ p, 137, and 148. Lon- 
don, 1823. De la Beckys Manual of Geology, p. 181. 

Descr. Sometimes ossiferous caverns have been used by 
man as a place of habitation, or more frequently as a place of 
sepulture. And hence his bones, as well as fragments of pot- 
tery, and other relics of a rude people, sometimes are found so 
mixed with the remains of extinct animals, as to lead to the in- 
ference that they were deposited during the same period. In- 
deed, in some of these caverns in the south of France, it is still 
believed by some geologists, that the remains of men were of 
contemporaneous deposition with those of the extinct mam- 
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malia. The English geologists appear to be decidedly of the 
opposite opiniozL 

Descr. Osseous breccias, have been found in Australasia ; 
containing bones of the kangaroo, wombat, dasyurus, koala, 
halmatums, elephant, hypsiprimnus, he. most of which are ani- 
mals living in tnat country. 

Descr, In the United States a few oastferoiM caverns have been fi>iindy 
thon^ none of them exactly corresponding with the £uropean caverns. 
Some of them appear to have been filled with fragments of rocks and bones 
which were partially cemented by stalagmite, during the alluvial or historical 
period. An example of this kind has been commnnicated to me fay the late 
tVof. L. F. Clarke, of the college of East Tennessee, in a letter dated Aug. 
SSd, 1838. The cavern is situated in the town of Chittenden, Vt. from 20W 
to 3000 feet above Otter Creek, and in limestone interstratified with mica 
slate, having an easterly dip of about 65^. The bottom of the cavern has a 
westerly slope, as shown in Fig. 74, which is an imperfect sketch from 
memory. 

Fig. 74. 




I 



Bom Caeem : ChiUenden^ Vermmt. 

The roof and sides of the cavern are covered with large stalactites, and the 
bottom with loose fragments of rodts, in many places to the depth of at least 
5 feet. The fragments at the surface are mostly cemented together by stalag- 
mite, but rarely at much depth. The bones are scattered among the frag- 
ments, and are much broken, and many of them gnawed by the teeth of some 
■mall animal. These bones, so far as uey have been anatomically examined, 
appear to belong to existing animals: among which those of the bat were 
very abundant: and it is supposed that some of them belong to the wol^ 
raooen, Ac. They appear very fresh, still retaining most of their animal 
aatteTp much more than the bones from the English caverns. From all the 
ikDls I Infer, that this cavern was produced by running water which pro- 
bab^ bad an outlet at A, and that the fragments of stone were thus accu- 
amlalMl, whUe the stalagmite was forming and the bones were being col- 
InM| Mlh \ff oarnlvorous animals, and by the death of others that mi|;fat 
have ouMlf this cateni their habitation, dunng the alluvial or historical period. 
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Early Pachydermata, 

Descr. In tlie older tertiary strata around the city of Pans, 
3ciroii Cuvier Kas brought to ligbt more than 40 extinct quad*- 
rupeds, many of them allied to the modern pachydermata, or 
ihick-skinned animals. Fig. 75, exhibits the form of the 
^Anoplotherium gracile, which was of the size and form of the , 
'gazelle, living like the deer and the antelope. Fig. 76 is the 
Anoplotherium commune ; an animal about the sixe of the wild 
boar, with the means of swimming with facility. Fig. 77, is 
the Palaotherium magnum, of the size of the horse, but more 
thick and clumsy. Probably it had a trunk. Fig. 78, is the 
Palaotherium minus, of the size of the roebuck. 



Fig. 75. 



Fig. 77. 




75 Ancplotheriufn gracile : 76 AnopMherium commune : 77 PaUzotherium nungnttrnt 

78 P. minus. 

Mammoth, or Fossil Elephant. 

Descr. Two species of living elephant are known; the 
Asiatic, or Indian, which extends only to the 31st degree of 
north latitude : and the African, which occurs as far south as 
the Cape of Good Hope. A third species is found in a fossil 
state ; especially in the northern parts of Asia and Europe ; as ^ 
well as America. It is this extinct species that goes oy the 
name of mammoth, — an Arabic wora {behemoth,) signifying 
elephant. Fig. 79, exhibits the skeleton of the remarkable 
specimen found encased in frozen mud on the shores of the 
arctic ocean, in Siberia, with its softer parts preserved, as has 
been already described. This skeleton is now deposited in the 
Museum of Natural History in St. Petersburgh. Its length is 
16 feet ; and its height 9 feet 'Its hair, of which 30 pounds 
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wen pnMrT«d, canauW of black biistlsH, 15 inches long, i 
with wool of a radduh brown color. 



Fij. 79. 




Mastodon. 

Deicr. Although tho mastodon is frequently called the mam- 
moth in this country, wlieie the remains of the largest specin 
are abundant, yet it dilfers generically from tho elephant m tlw 
form of its teeth ; as may be seen in Figs. SO and 81, beloff- 
Fig. 80 is a side view of the grinder of the mastodon, and Figi 
81, represents the flat surface of the mammoth's grinder. 
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Descr. No less than seven species of mastodon have been 
discovered in a fossil state ; viz. toree in Europe, two in South 
America, one in the Unites States, and one in India. The 
largest species, M, mazimus has been found in almotit every 
part of tne United States ; though most abundantly in the salt 
Jlicks of Kentucky, Ohio, &c. The most easterly point where 
the bones of these animals have been found, is Berlin in Connecti- 
cut. An almost entire skeleton has been put Up in the Museum 
of Mr. Peale in Philadelphia, which is 15 feet long, and 11 feet 
high. This was found m Orange County, New York. TIm . 
most remarkable locality in this country is at the Big Bon« 
Lick in Kentucky ; where a vast number of bones of various 
extinct animals are imbedded in dark colored mud and gravely 
which appears to have been formerly the bottom of a marsh. 
This spot has been examined by William Cooper, Esq., with Ida 
usual discrimination and accuracy ; and he is of opinion that 
the deposit containing the bones is to be regarded as drift He 
estimates that the bones of 100 mastodons, 20 elephants, 2 oxen, 
2 deer, and one megalonyx, have already been carried from this 
spot 

Rhinoceros, Hippopotamus, Hyana, Horse, Ox, Deer^ SivO' . 

therium, Monkey, Camel, Sfc 

Descr, Most of these animals in their fossil state, differ so 
little from the existing species, that they need not be particularly 
described in this work. They are generally, however, of larger 
size than the living species. The rhinoceros found iindecayed 
in the frozen gravel of Siberia, has already been noticed ; and 
several other species of this animal occur in Europe and in 
India, associated with the bones of the elephant, also with seve^ 
ral species of hippopotamus, and one or two of oxen, aurochs 
and deer. The horns of the fossil ox, are sometimes very large : 
in one example 31 inches long. So also the famous fossil elk 
of Ireland, iCervus giganteus,) had horns that measured 10 feet 
10 inches between their tips. Ja/mesoris Cuvier^s Theory of 
the Earth, p. 246. The most interesting remains of the hyaena 
are those found in caverns. (See Reliquia Diluviana.) The 
sivatherium is an extinct animal recently found in India, in con- 
cretionary drift, larger than the rhinoceros, furnished with four 
horns ana a proboscis, and forming an intermediate link between 
the ruminantia and pachydermata. In the same deposit wera 
found the remains of a gigantic species of monkey and of a 
camel. Another species of monkey has also been discovered in 
tertiary deposits in France : so that the important fact seems 
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now well established, that the animals approaching nearest to 
man in their structure, have been found in a fossil state. Wonr 
ders of Geology, Vol, I. p. 138 and 226. 

Megatherium. 

Descr, Sloth and Armadillo. Because the Sloth (Bradypus 
iardigradus) is not adapted for walkine on the ground, some 
writers, and even some naturalists, (Bufion, &c.) have ridiculed 
its structure, as if it indicated a want of wisdom. But it now 
appears that the animal was intended tolivc continually upon 
trees ; and that its long forelegs, with long and very crooked 
daws, are admirably adapted for this purpose. The armadillo, 
as is well known, is covered with a bony armor for defence 
against enemies, dust, &c. The few living species of this ani- 
mal are small and confined chiefly to South America where they 
burrow like the woodchttck. 

Descr. The Megatherium is an enormous extinct animal, 
which was once abundant in the vast plains or pampas of the 
same continent. They have been lately found uy Mr. Darwin 
over an extent of 600 miles, accompanied with bones and teeth 
of five other quadrupeds, some of them of a similar construction. 
Dr. Mitchell and Mr. Cooper have also described bones of this 
animal from the island of Skiddaway, on the coast of Georgia. 
Buckland^s Bridgewater Treatise^ vol, II. p. 20. Annals of 
N, Y. Lyceum, May, 1824. It was larger than the rhinoceros^ 
and its proportions were perfectly colossal. With a head and 
neck like those of the sloth, its legs and feet exhibit the charac- 
ter of an armadillo, and the ant eater. Its body was 12 feet 
long, and 8 feet high. Its forefeet were a yard in length, and 
more than 12 inches wide ; terminated hy gigantic claws. 
Across its haunches it measured five feet ; and its thigh bone 
was nearly three times as thick as that of the elephant. Its 
spinal marrow must have been a foot in diameter ; and its tail, 
at the part nearest the body, twice as large, or six feet in cir- 
? cumference ! Its teeth were admirably adapted for cutting 
m vegetable substances; and its general structure and strength 
seem intended to fit it for digging in the ground for roots, on 
which it principally fed. Fig. 82, exhibits the entire skeleton 
of this ammal, whicn exists in the museum at Madrid, in Spain. 
Buckland/s Bridgewater Treatise. Vol, 1. p, 139. 
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Fig, 82. 







Rem. 






e nearly in clmrse- 



(er lo the ant eaim and sloths, than ti _._ _ _ .. .. 

PMlct. Mag. Jviy, 1839. He ha* lately aacertained tbat th» bony amKHu 
belonged to another eitiact aiumai calJM the Gimtodim-Ait. and Mag. Nai. 
Biit.Fcb. 1841, y. 493. 

Rem, 2. Di. Hulan hai leceotly d«cribed tiui remains of a huge ex- 
tinct animal, allied to the abovei, from Miraouri, onder the name of OryOtm- 
Iterium Miss/mrietaii : and Dr. Henry C. Perkins has deaciibed, in the 
Boston Jounial of Natnnd History, another ipecies from Oregon Tanitoij, 
u the Orjd. Oregmtensii. 

Megalonyx. 
Descr. This animal WM first describod by J 
who mistook its chaiaeteis. It was found in ue i 
of Yireinia and Kentucky, and has since been disccveted in 
otber ^aces. It was of the size of ^e ox, and appeaia to hara 
beea neuly lelitted to die slotb. 

DinotkeTium. 
Descr. Until recently the mammoth and the mastodon have 
been supposed thn largest of all the terrestrial mammalia that 
ever inhabited the earth : but they must give place to the 
Oinotherium, described by Cuviar as a gigantic tapir, but le- 
ceotly by Professor Kaup, a distinguiahed German naturaliat, 
u a new genus betveen the tapir and the mastodon ; and adapted 
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to thftt Iftnutrine condition of tbe earth which Boenu to tiara 
bften so common dmine the depoaitioa of the tertiary strata. 
Its lemaina have been found in teitiary strttte, in the south of 
France, in Aostrii, Bavaiia, and especially in Hesse DermatadL 
It! length mnat hare been as much as 18 feet. One of its moat 
laaMikalila peeuHaritiea coosiated in two enormooa toaka, at &a 
' antaiior aztoamity of the lower jaw, which cnrred downward^ 
liln thoaa of the walma. It* ganeial ttnictnie seema to hare 
baan adaptad to dinging in the ground ; and for this purpose ita 
faet aa well aa tusks, projecting a foot or two beyond the jaws 
which were four feet lout, wen intended. It lived principally 
in the water like the hippopotamm ; and it piobablT used ita 
toska f(» tearing ap the roots of aquatic Tagetabtes, which, a* is 
ahown by ita teeth, constituted its food. Di. Buckland sDg^;ests 
ala(s that thaae to^s might have been useful as an anchor faat- 
•aad into tba bank of a riTer, while the body of the animal 
floated in the water and alept Thay might have been useful 
alao, to aid in dragging the body out of the water and for 
defence. 



t. BaTukom, hu baan diiooTeied. 

Fig. 83. 




lehnotuhology er the Hitlory ofFast^ Footmarks {IcAnohgy^ 

Buckland ) 

Deter. Thia amgular branch of palceontolc^ has but lately 

bagnn to attact the attention of geok>gista ; suee it is tttly 
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within a few years that genuine examples of the tracks of ani- 
mals in stone have been found. It is, indeed, and long has 
been the common belief, that such impressions are frequent ; 
but the geologist usually finds that they are merely the effects 
of disintegration or aqueous action, by which the softer parts 
of the rock are more worn away than the harder parts. The 
following are all the well authenticated examples of fossil foot- 
marks that have been discovered up to the present time. 

Exam, 1. In the Transactions of the Royal Society of Edinburgh for 
1828, Dr. Duncan has given an account, with drawings, of the tracks of a 
quadruped on new red sandstone in the quarry of Corn Cockle Muir, in 
Dumfries-shire, Scotland. These tracks have been found there in great 
abundance, on many successive layers of the stone, to the depth of 45 feet; 
or as low as the quarry had been opened. They occur awo in another 
quarry, 10 miles south of Corn Cockle Muir, where one aeries of tracks 
extended from 20 to 30 feet. Dr. Backland seems to have satis&ctorily 
shown thai they were made by tortoises. BridgeweUer T^reoMse^ Vol. 1. 
p, 259. 

Exam. 2. In 1831, Mr. G. P. Scropefi)und numerous footmarks of small 
animals on the layers of forest marble, north of Bath in England. They 
occur along with ripple marks, and were probably made by Crustacea, crawl- 
ing alon^ the bottom of an estuary. The impression of the tail or the 
stomach is sometimes visible between the rows of Tracks. Jovmal of the 
Royal Institution of London^ lS3l,p. 538. 

ExaM. 3. In 1834, an account was published in Europe of some remark- 
able fossil footmarks on the^res bigarre (new red sandstone,) at Hessberg, 
near Hildberghausen in Saxony. Accounts of these impressions have 
been given by Drs. Hohnbaum and Sickler, Professor Kaup, M. Link, 
and Baron Humboldt. The largest track appears to have been made by 
a marsupial animal, whose hind .root was 8 inches long. This animal Prof. 
Kaup has named ckiroth&rium^ firom the resemblance of its track to a hu- 
man hand. Some of the tracks appear to have been made by tortoises ; and 
M. Link, who has made out four distinct species from these tracks, sug- 
gests that some of them may have been made by gigantic batrachiana, 
ffiroffs, salamanders, &c.) Buckland^s Bridgewater lyeatise^ Vol. 1. p. 263, 
tffkT Vol. 2. p. 36. Wonders of Geology, Vol. 2. p. 423. Am. Jovrnai 
Iff Science^ Vol. XXX. p. 191. Fig. 84, shows a few tracks of the chiro- 
iherium on a slab of sandstone from Hessberg. {See specimens in the CaJbi- 
net at Amherst College.) 

Fig. 84. 
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Rem. Mr. Owen, with great sagacity, has rendered it probable that the 
tracks referred to the chirotherium, were made by a gigantic batrachian, or 
frog, whose hind feet were much larger than his fore feet. He has given a 
•ketch of the animal restored, (the bones of the head only have been dis- 
covered,^ and of the manner in which the tracks might have been produced. 
Fig. 85 IS a copy. ^ ^ 

* 13* 
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Fig. 85. 




Labyn»tkidtn paehsfgnatkiu Owen. 

Exam, 4. In 1834, a few very distmct tnxkM resemUiiig thooe ti hMk, 
were dtaeorercd in the led sandatone of the Connectkiit vaUey, at Mon- 
tague in MawadniBetts. SnhseqnaDt examination diacoTered similar im- 
pressione at eevoal qnairiea ^ in the same vallej and state : and an ac- 
count of aeren apedee was given in the American Journal of Science fer 
January, 1^6, under the name of OrniikichnUes^ or stony bird trada. 
Some of them are very small, the toea not bong more than half an inch 
long ; and the length of the step not more than 3 .or 4 inches : while others 
are of enormous size : the foot being 17 inches long, including a daw of 
3 inches ; and the length of the step from 4 to 6 feet. In anouier species, 
if we include a singular impression behind the toes, that appears to have 
been made by a Imrgc heel, the whole length of the track is 2 feet, and of the 
step, 6 feet 

Since the time when the account above mentioned was published, I have 
made still farther discoveries on this subject. I am now acquainted with 30 
species of these impressions, occurring at 15 quarries, in a distance of 80 
miles, along the banks of Connecticut river, between the north line of 
Massachusetts, and Middletown in Connecticut. So perfect is the imfHes- 
sion in some cases, that one specimen shows the pitted, ridged, and furrowed 
skin, of the bottom of the foot. 1 have also exammed a much larger number 
of the feet and tracks of different sorts of living animals, and the evidenee 
seems still quite strong, that a large proportion of the fossil tracks must have 
been made by birds of the grails family. Yet some species greatly resemble 
the tracks of saurians, though I have almost no evidence that any of them 
were made by animals having more than two feet. Hence I have denomi- 
nated such tracts SauroidUhnites ; that is, tracks resembling those of Sao* 
rians. And I have called the others Omithmdickniles, rather than Omi- 
ihichnites ; that is, tracks resembling those of birds, instead of asserting that 
they are actually such. I strongly suspect, indeed, that nearly all these 
tracks were made by birds : though some of these birds might have par- 
taken largely of the sauroid type, which seems to have been introduced 
about the same epoch, according to the principle stated on page 132. Yet 
so long as any doubt remains on the subject, it may be wiser to give names 
which do not imply absolute knowledge. A few bones lately discovered 
in the same sandstone formation, inspire the hope that certainty on this sub- 
ject may reward persevering enquiry. Fig. 86, shows four tracks on a slab 
of gray sandstone in my possession from South Hadley, Massachusetts. 
(See mumerous mecimens in Amherst College.') Filial Report on Geol, Mass. 
Vol. 3. p. 464. 

Rem. It will be seen by the preceding statement, that I do not feel by 
any means certain that these tracks, — especially some of the Sauroidichnitfi^ 
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were made by birds. I only say, that they correspond more nearly with 
those of birds, than with those of any other living animals. Among the 
extinct animals, the pterodactyle is the only one that could have made tracks 
at all similar ; and not improbably some of the 30 species above described, 
may have been made by that anmial. But the toes of the pterodactyle, 1 
believe, are always 4 or 5 : whereas more than half of these tracks show the 
impressions of only three. 

Fig. 86. 




'^m^ 






Eocam.^ 5. In the summer of 1838, tracks of the chirotherium, tortoises, 
and saurian reptiles were discovered in the new red sandstone, at the 
quarries of Storeton Hiil, below the Meuse and the Dee, in England. 
The largest track of the chirotherium is 9 inches long, and 6 inches broad : 
length of the step, 21 to 22 inches. At least 6 species of tracks occur at 
this spot. A track of another species of chirothenum, of still larger size, 
has been found, probably in the red sandstone, near Tarporly : and Sir 
Philip Egerton is of opinion that this is different from that at Storeton, 
and that both differ from the one found at Hessberg; so that evidence 
is now obtained of the existence of three species of chirotherium, at the 

rh of the new red sandstone. Mining Review for Dec. 1838, p. 180. 
Buckland states that 5 or 6 species of smaller reptiles have also been 
found at the localities in England. An, and Mag. Nat. Hist. Feb. 1841, 
p. 495. 

Exani. 6. At the meeting of the British Association for the advancement 
of Science in the summer of 1839, Dr. Ward gave an account of some 
toesiX footmarks discovered on the new red sandstone near Shrewsbury, 
in England. These impressions are trifid, like those in the sandstone of the 
Connecticut valley. Iiie three toes appear to have been armed with Ions 
nails *, and in this respect, also, they correspond to those in our country, i 
have, however, seen only a brief account of Dr. Ward's communication. 
American Journal of Science^ Vol. 38, p. 127, Jan. 1840. 

Exam. 7. In Prof Leonhard's and Bronn's Journal of Mineralogy, Ge- 
ognosy, Geology, and Palaeontology, for 1839, Dr. Cotta has given an ac- 
count of some singular footmarks in new red sandstone in Saxony, some 
90 or 30 miles from Leipsic. The form of these tracks is very peculiar. 
They are two toed ; or rather resemble a horse shoe, except in being usually 
somewhat angular. Dr. Cotta could not find any regular arrangement 
of the tracks ; yet he speaks of obtaining full evidence that the impressions 
were produced by the feet of animals ; and he thinks it most probable of 
biped animals. He found only figures in relief on the underside of just 
such a layer as contains the tracks at Hessberg. Am. Journal of Science^ 
Vol. 2», p. '2SiS. . .i 

Exam. 8. Some cases of tracks noticed by Dr. Buckland, in his Anniver- 
sary Address befi>re the London Geological Society, in February, 1841, may 
be mentioned, rather to illustrate the examples that have been given, than as 
of the same character. For they are the tracks of deer and large oxen upon 
mud beneath a bed of peat, at rembray, \n Pembrokeshire, and to the £aft 
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of Neath. They ghow how tracks m mud can be long preserved. An. and 

Mag. Nat. History, Feb. 1841. p. 495. 

R:m. 1. I have recently received specimens of the tracks of chirotheriom, 
from Hildburghausen in Saxony : and I find that they correspond in general 
appearance to the fossil footmarks from New England : although the shape 
of the foot is quite different. 

R'ym. 2. It will be seen that I do not adduce as an example of fiMsil fix>t- 
marks. the impressions of the human foot, which were found on limestone 
on the banks of the river Mississippi, in front of the city of St Louis, in 
Missouri, and which have been descril)ed by Mr. Schoolcraft in the 5th 
volume of the American Journal of Science. I omit them because I do not 
think there is si^icicnt evidence that they are natural impressions. They 
occur in a bluo limestone, containing an abundance of encrinites and other 
analogous remains, and which is probably the carboniferous limestone of 
Europe. F^atkerstonehaugk's Report, 1835, p. 28, 4»c. It will surely require 
strong^ evidenco to prove in opposition to all that geology teaches in every 
other part of the globe, that man existed when the limestone of the Missis- 
sipiii valley was Ix^ing deposited at the bottom of the ocean. Yet I am pre- 
pared to believe that he did, when on splitting open layers of that limestone, 
continuous human steps shall be found impressed on the lower layer, and 
in relief on the upper. But only one pair of footmarks have ydt been 
found, and those upon the exposed surface of the rock. They were pro- 
bably formed by tne ancient mhabitants of the country, or by the early 
white settlor!*, wlio had iron tools. If they are as perfect as the drawing 
in the Journal of Science, they could hardly have been formed by water: 
and yet water often produces very remarkable imitative forms in lime* 
stone. 

R'-m. 3. It is a singular fact, that nearly all the examples of fossil foot- 
marks hitherto discovered, occur upon some member of the new red sand- 
stone system. There must have been something peculiarly favorable, either 
in tlio nature or mode of deposition of that rock, to the preservation of these 
impressions. 

Inf. ThesG impressions must probably in every instance 
have boon made on the shores of an estuary, between high and 
low tide mark : for if made upon land, always dry, it is difficult 
tn coiicoivo how they should have been preserved from being 
oblitorated by atmospheric agencies; or how matter should 
have boon deposited above them to preserve their form: yet the 
fact that the impressions of rain drops sometimes accompany 
the tracks, (as will be described shortly) shows that when im- 
pressed the mud must have been above the water. Probably 
the influx of the tide brought in silt enough to preserve the im 
prossions. 

ImpressioTis of Rain Drops. 

Dtscr. In the same formation of red sandstone that contains 
tlio footmarks in England, are found most distinct impressions 
of what appear to liave been drops of rain. In the Storeton 
quarry, whore are found the tracks of the chirotherium, " the 
under uurfaoe of two strata at the depth of 32 or 35 feet from 
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the top of the quarry, presents a remarkably blistered or watery 
appearance, being densely covered by minute hemispheres of 
the same substance as the sandstone. These projections are 
casts in relief of indentations in the upper surface of a thin sub- 
jacent bed of clay, and due in Mr. Cunningham's opinion to 
drops of rain." Lond. and Edin. Philos. Mag. 1839. Some- 
times these impressions are perfect hemispheres : in other cases 
they are irregular and are elongated in a particular direction 
as if the drops struck the surface obliquely : appearing in fact 
as if a wind had accompanied the rain. Tracks of a small ani- 
mal accompany these impressions. American Journal of Science^ 
Vol. S7. p. 371. Dr. Ward describes exactly the same appear- 
ance in the new red sandstone near Shrewsbur;^, in connection 
with tracks and ripple marks. AnC* Jour. Science, Vol. 38. 
p. 127. 

Rem. 1. I have specimens of precisely the same character as the 
ahove from Wethersfield in Connecdeut, and ^est Springfield and Gill, 
Mass. where they occur with foot marks and ripfJe marks. Like the Eng- 
lish specimens, (which however I have not seen,) these show distinctly the 
direction of the wind when the rain fell. Furthermore, I have formed a 
fine clay into paste, and on sprinkling water upon it, precisely the same in- 
dentations are produced as exist upon the sandstone. FHtioI Report on Geol. 
Mass. Vol. 2. p. 501. 

Rem. 2. It is a most interesting thought, that while millions of men, 
who have striven hard to transmit some trace of their existence to future 

generations, have sunk into utter oblivion, the simple footsteps of animals, 
iat exbted thousands, nay, tens of thousands of years ago, should remain 
as fresh and distinct as if yesterday impressed ; even though nearly every 
other vestige of their existence has vanished : Nay, still more strange, is it, 
that even the pattering of a shower at that distant period, should nave left 
marks equally (Ustinct, and registered with infallible certainty, the direction 
of the wind ! 

Synoptical View of the Fossil Footmarks. 

Rem. 3. If it be desirable to classify the fossil footmarks that have been 
described, perhaps the following arrangement, which will give a synoptical 
view of the whole subject, may answer till a better one is proposed. 

CLASS. ICHNOLITES. 

Order 1. poLYPODicnNiTES. 

One species made by a crustacean on forest marble, near Bath, Eng- 
land. 

Order 3. TETRAPODicnNiTES. 

1. Three species made by chirotheria : two in England and one in Ger* 

many. 
3. By Saurians in England. > 

3. By tortoises in Scotland and Germany. > Nine species in all. 

4. By batrachians in Germany. ) 
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Order 3. dipodichnites. 
1. In Massackuselts and ConnecHcuL 

a. Sauraidicknitts. 

1. S. Barrattii. 

2. heteroclitus. 

3. Jacksoni. 

4. Emmonaii 

5. BaileyL 

6. minitana. 

7. longipes. 

8. tenuissimiig. 

9. palmatus. 
10. polemarchius. 

b, Ornithoidichmifs. 

1. PackydactyU. 

1. O. gigaDteus. 

2. tuberosus. 

3. Sillimani. 

4. Lyellii. 

5. O. expansus. 

6. cuneatus. 

7. parvulus. 

2. LeptodadyU, 

8. ingens. 

9. elegans. 

10. elegantior. 

11. Deanii. 

12. tenuis. 

13. macrodactyloa. 

14. divaricatus. 

15. isodactylus. 

16. delicatulus. 

17. minimus. 

18. tetrad actylus. 

19. gracilior. 

20. Rogersi. 

See a ^11 description with ]^lates of all these spedes (except the O. Silli- 
mani, Lyellii and Rogersi, which were first descnbed at the meeting of the 
Association of American Geologists at Boston, in April 1842,) in the Pinal 
Report on the Geology of Massachusetts^ p. 477. 

2. In Europe. 

1. One or more species near Shrewsbury in England. 

2. do. In Saxony. 

12. General Inferences. 

Rem. I have passed over several important inferences derived chiefly from 
palsBontology, because they were not deducible from any one statement that 
has been made, and I thought it best to present them in the conclusion of this 
section with a suounary of the proof. 
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Inf. 1. The present continents of the globe, (except perhaps 
some high mountains,) have for a lon^ period constituted the 
bottom of the ocean, and have been subsequently elevated. 

Proof. 1. Two thirds at least of these continents are covered 
with rocks, often several thousand feet thick, abounding in 
marine organic remains ; which must have been quietly depo- 
sited, along with the sand, mud, and calcareous or ferruginous 
matter, in which they are enveloped, and which could have ac- 
cumulated but slowly. 2. The secondary and primary stratified 
rocks are almost universally fractured and raised up at various 
angles, just as they would have been if lifted from the bottom 
of the ocean by a force acting beneath them. 3. Anticlinal 
ridges are so frequently found with a nucleus of unstratiiied 
rocks, as to point us to a sufficient cause, viz. volcanic agency, 
for the elevations that appear to have taken place. 

Rem, This inference is to be regarded as probably the most important 
principle in geology, and as established on an immovable foundation. 

Inf. 2. Different continents, and different parts of the same 
continent, appear to have been elevated. at difi^rent epochs. 

Proof Let A. B. Fig. 87, represent a mountain ridge, with 
an axis a of unstratified rock. Let the three systems of strata 
hhj cc, and dd, rest upon the axis a, and upon one another, un- 
conformably, and dip at different angles, except dd, which sup- 
pose horizontal. Now it is obvious that the formations cc, and 
bb, must have been elevated previous to the deposition of dd ; 
otherwise the latter would have partaken of the upward move- 
ment And if there be no regular member of the series of rocks 
wanting, between d, and c, it is obvious that we thus ascertain 
the geological, though not the chronological epoch, when cc was 
elevated, cc, however, is unconformable to bh ; and therefore 
bb, was partially elevated before the deposition of cc : in other 
words, bb has experienced at least two vertical movements. 
Now this is a just representation of the actual state of things in 
the earth^s crust; and hence by ascertaining the dip of the for- 
mations that are in juxtaposition, we ascertain the different 
epochs of elevation. 
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Spoclu af Eltrtaim. 

Factt. By the application of these principles, it is fonnd that 
the mountains of Europe have been elevated at no less thaa 
twelve dttfeient epochs ; the oldest of which dates as far back 
as the time when the slates of Westmoreland were tilted up: 
and the most recent, (the principal chain of the Alps,) is said to 
bo subsequent to the deposition of the tertiary strata. So far 
BS the subject has been examined in this country, it appears that 
five or siic systems or epochs of elevation can he traced in oar 
mountainn: though since the deposition of out secondary locks, 
scarcely any movement has taken place : and though £Iiq d« 
Deoumont suggests that the elevation of the Andes was so n- 
cent that it may have produced the historical deluge, yet the 
eastern side uf oui continent is probably of an older date than 
most of Europe. 

Prln, AcTiinling to Elid cIo Besumont, to whom we are indebted fbl 
llir fimt cilcnaiiB ccnprnllzatiom on thia BUhjpct, although Von Buch and 
olhiT l^'ulacists hnd prcvioUBly made local applicatrons of the same piiitd- 
iiltv, uliain* uf contrni)iorsnroaB clciition ire parallel to one analber, and - 
'' to iho Briui-cireumfi'rGnce of Iho earth's surfkco :" and henco be infere 
that tiioiiiituiii clminfl were rievated at the aame epoch, even though on dif- 
frn>iil ruiilinKiilR, if Ihty arc parallel : that the chain of the Alteganiea, for 
inHlanci', lu'lonijs to a system of elevation nhich includes the Ffreneei, put 
of llicfl|)lM'niiiP«, the rnountaina of the Morea, ■ part of the Haiti moun- 
tniiiH, Mount Alios, and other ridges in Africa, the Cumthian mountains, 
Moujil I7an.irl, and Sinnt, o part of the CaucAsian chain, and the Ghauts. 
In tlir pTivent atala of our knowledge of theie mountains, this concluaioa 
is unwnrratilril ; for it la admitted by Beaumont, that ajatems elevated at 
diffiTi'iit i'|XH'lis may ho parallel; and until the geology of the«e maim- 
laiiia is bultrr nnderEtuod, it cannot be known hut that these belong to 
illirori'iit ruralkl Kyslenis. See LyclTs Prin. Oeol. Vol. 1. p. 304. Yet it 
arciiiH cn^Hiblo uf malbeniatical dcmonstralion, that fisaurea produced by 
an rli'Valiiij{ Torco acting beneath • portion of tbe earth's cmet, will be 
uualli'l when no two conaccutiio Assures are remote from each other ; and 
if another set a( fiagurcs bo produced, by the force acting unequally at dlF 
ftrent points, Iheso will bo parallel to one another, alao; and approzimately 



u bo applied, except in limited districts. PhUiips's GeoUigy, p. 
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Inf, 3. Tlie convulsive movements by which systems of 
strata were elevated, appear to have been in most instances 
short compared with the intervening periods of repose, during 
which successive formations were deposited. 

Proof. 1. The deposits appear generally not to have been 
disturbed by any elevating force while in a state of formation, 
as this would have changed the character of the organic remains ; 
De la Beche's Theoretical GMlogy^ Chap. 12. and the period 
of deposition mUst have been in most cases very protracted. 

2. Had the elevating force been going on slowly aurmg the de- 

Sosition, the lower beds of the formation ought to have a greater 
ip than the upper beds ; which is rarely found to be the case. 

3. Paroxysm£d convulsions are sufficient to account for the ap- 
pearances in most cases of the elevation of the strata. 4. In 
most cases there is no evidence of any long interval between the 
deposition of two rocks whose position is unconformable. 5. 
Some single local dislocations are of enormous size, amounting 
to 3000 or 4000 feet; as in the Penine region of the north of 
England : and it is difficult to conceive how such faults could 
have resulted from a succession of minor forces acting through 
long intervals. 6. The doctrines of internal heat, if admitted, 
furnish a sufficient force to elevate the highest mountains by a 
single effort. Phillips's Geology^ p. 260. 

Rem. The interval between the deposition of consecutive strata may 
sometimes have been very great, if measured chronologically; especially 
where one member or more of the series of rocks, is wanting. In such 
cases the principles above explained do not enable us to determine during 
what part of this interval the elevation of the strata took place. It is chiefly 
on this ground that Mr. Lyell attempts to overthrow the whole of Beau- 
mont's reasonings and conclusions on this subject. But it seems to me that 
he has shown only that it is difficult to fix upon that point in the interval 
between two consecutive rocks, when the convulsive movements took place ; 
and that the fundamental principles of Beaumont's theory remains unaf- 
fected.' And in respect to the exact geological time when the elevation 
occurred, it is, to say the least, very probable that it took place just at the 
termination of the period during which the elevated rock was in a course of 
formation ; for sucn a convulsion furnishes, in many instances at least, the 
only known reason why its deposition was brought to a close. LyelVs Piirir* 
ciples of Otology^ Vol. I. p. 304. Other writers have adduced various objec- 
tions to the views of Beaumont ; as Dr. Bouc, for instance, in the Journal 
de Geologie, T&me 3. p. 338. 

Inf. 4. It is maintained by Beaumont, that the changes in the zoologi- 
cal and botanical characters of the formations, correspond in general to 
the epochs of elevation: that it, the period of elevation seems to have 
been the time for the destruction of one group of organic races and the in- 
troduction of new species. But though this may be generally, it is not 
usually true. Ho great change, for instance, appears to have taken place in 
the organic characters of rocks below the zechstem inclusive. But tnis may 
in part be explained by the fact that all or nearly alhthe animals before that 
period were marine, and consequently might very probably survive tho ^p> 

14 
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Imnt of a conUnent ; since Tiofent agiUtkm of the waters would be tlu 
principal effect. 

Inf. 5. In many instances the rocks appear to have suffBred 
one alternation or more of elevation and subsidence. 

Proof. 1. The phenomena of what is called the Dirt Bed, 
of the oolite formation in the isle of Portland, in G. Britain, 
{See Fig, 46.) are perhaps the best example in proof of this 
proposition that occurs. In a bed of black mould, lying between 
the Portland stone beneath, and the Purbeck stone aboTe, (both 
of thorn oolitic limestones.) there exist large prostrate trunks, 
and erect stumps of cycadesB, or tropical trees, which must have 
erown on the spot where the stumps now stand. The follow- 
ing conclusions seem to be fairly inferrible from the feicts de- 
tailed. 1. That the limestone beneath this dirt bed was depo- 
sited at the bottom of the ocean. 2. That this bottom must 
Imve been elevated above the waters long enough for the accu- 
mulation of the soil and the growth of the trees. 3. That the 
surface was next submerged beneath the waters of a freshwater 
lake ; next beneath an estuary ; and next beneath a deep sea, 
long enough for the deposition of strata 2000 feet thick. 4. 
l^liat these strata have been subsequently elevated into their 
prcHcnt terrestrial state in England. BucklandUs Bridgewater 
Trvatise, Vol 1. /?. 495. 

2. The coal Ibrmation may be mentioned as another example 
iu point. In these formations there is sometimes an alternation 
of marine and fresh water remains, and always an alternation of 
conl with shales and sandstones. Hence some geologists are of 
ojiinion that the land, where the vegetation grew that formed 
tlu) conl, must have sunk and risen again, every time these al- 
ternations occur. Others, however, suppose that the coal plants 
grow on low islands of tropical archipelagos, and were trans- 
ported into the bottom of the ocean, or of estuaries, whe:n they 
wore covered by deposits of sand, clay, and limestone, and again 
by other bods of vegetables, until a great thickness of these in- 
to rntratiUod layers had accumulated. Freshwater and marine 
rolioH Noiuotimcs alternate in successive strata of the coal mea- 
|uroH, heonuse in an estuary the salt water would occasionally 
provuil over the fresh water from the river which emptied into 
It. See l)e la Beckers Manual^ p. 444. Also his Theoretical 
(trolo^t/, />. 2()4. MaccullocKs system of Geology^ Vol. 2. ^.312. 
Phillips^ $ Geology^ p. 1 16. 

n. A third example is the alternating strata of freshwater 
and murine deposits in the tertiary series. But in this case, 
nlri(», it is very possible to conceive how these alternations might 
hnve been eifeoted by the successive predominance of rivers 
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and the sea in an estuary as explained above. PhUlips^s 
Geology, p. 164. 

Rem. E^atDples of more recent eleratbn and subsidence will be given ia 
Section VIII : where will also be found the various theories proposed for the 
explanation of the phenomena of elevation and subsidence. 

Inf, 6. From the phenomena of organic remains, it appears 
that the species of animals and plants now existing on the ^obe, 

. could not, with a few exceptions, have been cotemporaries with ( 

I those found in the rocks. 

r Proof. 1. If they had been cotemporaries, no reason can be 
given why the remains of the living species do not occur in the 
rocks ; which, with the exception of a few hundred species in 
the more recent tertiary str-ata, is well known to be the case. 
2. Comparative anatomists decide from the structure of the ex- 
tinct animals and plants, that they were intended for a climate 
and other physical circumstances so different from those now 
existing, that the organic beings adapted to one state, could not 
have endured the other. The period of the tiertiary strata is 
the only exception : and even then, the climate appears to have 
been in high northern latitudes nearly as warm as at present* 
between the tropics, until near the close of the period. 

Inf. 7. Hence too we learn the mistake of those, who are in 
the habit of pronouncing very confidently that certain organic 
remains are petrifactions of existing animals and plants. For 
if they are obtained from the secondary rocks, the presumption 
amounts almost to certainty, that they cannot be the representa- 
tives of existing species. 

Exam. Fossil trees are called oak, maple, hemlock, &c. fibrous tremoHto 
and some varieties of mica and talcose slates, are called petrified wood : en- 
erinites are called snakes : coal plants are called rattle-snakes : fiivosites and 
certain fossil shells are called butternuts and walnuts : some varieties of an- 
cient pol3rparia are regarded as the horns of deer, others as petrified pork : 
and even petrified squaws, pappooses, and bufialoes have been announced as 
' existing in the far west. It is oflen amusing to see with how much confi- 
dence a man ignorant of zoology and botany, will pronounce upon these 
supposed cases of idcnticalness^ 

Inf 8. It appears that there have been upon the globe 
several distinct periods of organized existence, in which par- 
ticular groups- of animals and plants, exactly adapted to the 
varying physical condition of the globe, have been created and 
have successively passed away. 

Proof If we take only those larger groups of animals and 
plants, whose almost entire distinctness from one another has 
been established beyond all doubt, we shall still find at least five 
nearly complete organic revolutions on the globe: viz. 1. 
The existing species. 2. Those in the tertiary strata. 3. Those 
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in the cretaceous and oolitic systems. 4. Those in the new red 
sandstone group. 5. Those below the new red sandstone. 
Comparative anatomy teaches us that the animals and plants in 
these different groups could not have lived in the same physical 
circumstances. 

Rem. 1. Tlie animali in the eretaceocn asd oolitic i^stems axe almost' 
entirely dissimilar. But since Adolphe Brongniart considers the plants ttM ' 
all befon|ring to one gronp, and Frof. Agassiz declares the fishes (tf the 
chalk to bear a great resemblance to those in the lower tertiary strata, I hare 
thought k uJBSa to reckon ike cretaceous and oolitic systems as forming 
only one organic period. The synoptical taUe «t the end of Section ^ 
shows a classification which makes six disCiact groups. 

Rem. 2. It appears from the following quotation by Dr. Smith, (iSSsn^ 
iiure and Oeohgy^ p. 514, second Ed.) tmX Deshayes, an enunent palaon- 
toloffiflt, is able to make oat five distinct periods of organized existence^ 
besides that now passing, on the p;lobe. " M. Deshayes has lately an- 
nounced that he had discoTered, m surveyingr the entire Beries of fiMuil 
animal remains, Jive great groupSf so completehf independent, that no spedes 
whatever is found in more than one of them. The first of those groups 
is that to which trilobites five the character; the thvee succeeding 
belong to the system of the uiree saurians, and the fifth includes the 
systems in whicn I have pointed out the palieotheria, the mastodons, and 
' the elephants." EPOmalius d^HdOoy^ Elem, de Geol. p. 187; Paris, 1839, 

Obj. Perhaps the deposits containm|[ these dififerent organic group, may 
have been going on at the same time u difierent countnes^ or m oiffiBreDt 
parts of the same eountrv. 

Answer. Although all the rocks cemponng these different systems an 
not found piled upon one another in any one place, ^key are au fi>und so 
connected at different points, as to prove that they were formed successively. 
Yet where any are wanting in the series, as the Wealden, for instance, m 
North America, the interval during which these were forming in particular 
localities, may have been occupied by a prolonged deposition of the next 
older, or by an earlier commencement of the next newer rock. Most mobsr 
t»Iy however, the same formation was begun and completed in Afferent 
places about the same period: otherwise the climate would have varied so 
much as to produce a marked change in the organic remains. 

Rem. The PaUeontologicaL Chart appended^will aid in impresnng upon 
the mind the origin, expansion, and termination of the oigamc beings that 
have lived on the globe. In order to make it more impressive, it ought to be 
more extensive. 

Inf. 9. It appears that amidst all the diversities of organio 
life that have existed on the globe, the same genend system has 
always prevailed. 

Illus. 1. All the leading forms of organization that now 
exist on the globe, have existed from the beginning: for in- 
stance, all the four great classes of animals, the Mammiferous, 
Molluscous, Articulated, and Radiated, and the two great classes 
of plants, the Yasculares and the Cellulares. The relative 
number of species, however, in these different classes has varied 
very much at different periods. 2. Carnivorous races have 
always existed to keep doi^ the excessive multiplication of the 
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herbivorous races. Thus, when the sauroid fishes of the earliest 
rocks disappeared, their place was supplied in the more recent 
secondary strata, by the voracious marine saurians ; and when 
these became extinct, sharks and other predaceous nshes, more 
like those now existing, made their appearance. So among the 
molluscs. During the deposition of all the secondary rocks, 
carnivorous cephalopods abounded ; such as the nautilus, am- 
monite, &c. : but in the tertiary strata, and in our present seas, 
these are rare, and their place is taken by carnivorous trache- 
Upods, which were not common at an earlier date, Buckland^s 
JBridgewater Treatise, Vol. 1. 'p. 298. 3. From the eyes of 
trilobites and the orbits of other animals found in the rocks, we 
learn that the same relations of animals to light always existed 
as at present. 

Inj, 10. It does not appear that any of the ancient forms 
of animal or vegetable life can be properly regarded as mon- 
strous: or, when compared with the proper standard, even 
heteroclitic. 

Proof, When compared with existing races, they sometimes 
seem monsters in size, and anomalies in character. But their 
great size resulted from a climate better adapted, than that now 
upon the globe, for the developement of organic life ; and their 
peculiar construction adapted them most admirably for the pe- 
culiar situation which they occupied. So that what seems 
heteroclitic at this day, was exact and harmonious adaptation 
then. 

Inf. 11. The whole period occupied in the deposition of the 
fossiiiferous rocks must have been immensely lon^. 

Proof. 1. There must have been time enough for water to 
make depositions more than 20 miles in thickness, by materials 
worn from previous rocks, and more or less comminuted. 2. 
Time enough, also, to allow of hundreds of changes in the ma- 
terials deposited : such changes as now require a lolig period 
for the production of one of them. 3. Time enough to allow 
of the growth and dissolution of animals and plants, often of 
microscopic littleness, sufficient to constittrte almost entire 
mountains by their remains. 4. Time enough to produce by 
an extremely slow change of climate, the destruction of several 
nearly entire groups of organic beings. For although sudden 
catastrophes may have sometimes been the immediate cause of 
their extinction, there is reason to beEeve that those catastro- 
phes did not usually happen, till such a change had taken place 
m the physical condition of the globe, as to render it no longer 
a comfortable habitation for beines of their organization. 5. 
We must judge of the time requisite for these deposits by simi- 

14* 
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lar operations now in proness ; and these are in general ex- 
tremely slow. The lakes of Scotland, for instance, do not shoal 
at the rate of more than 6 inches in a century. MaccvllocKt 
Geology, Vol. 1. p. 607. See also a full view of the arguments 
on this subject in Dr. J. Pye Smith! $ Lectures on Scripture and 
Geology y p. 394. Second London Edition, 1840. 

Obj. 1. The rapid manner in which tome deponts ore fiMrmed at the pie- 
8CDt day: ex. gr. in the lake of Geneva; where, within the last 800 years, 
the Rhone has formed a delta two miles long and 600 feet in thickness. 
La/eWs Prin, Oeol Vol. 1. p. 423. 

Ans. Such examples are merely exceptions to the general law^ that rivers, 
lakes, and the ocean, are filling op with extreme slowness. Hence such 
cases show only that in ancient times, rocks might have been deposited over 
limited areas, in a rapid manner ^ but they do not show that such was gener* 
ally the case. 

Obj. 2. Large trunks of trees, from 20 to 60 feet long, have sometimes 
been found in the rocks, penetrating the strata perpendicularly, or obliquely; 
and standing apparently where the^ originally grew. Now we know that 
wood cannot resist decomposition k>r a great length of time, and therefore, 
the strata around these trunks must have accumulated very rapidly ; and 
hence the strata generally may have been rapidly formed. 

Ans. Admitting that the strata enclosing these trunks were rapidly de- 
posiled, it might have been only such a case as is described in the first ob- 
jection. But sometimes these trunks may have been drifted into a lake or 
pond, where a deep deposit of mud had been slowly accumulating, which 
reruoined so soft, that tne heaviest part of the trunks, that is, their Iowa 
extremity, sunk to the bottom by their gravity, and thus brought the trunks 
into an erect position. Or suppose a forest of trees sunk by some convul- 
sion, in the manner described by Rev. Mr. Parker in the Cohimbia River: 
(Sec Section VIII.) Exploring Thur beyond the Rocky MmntainSy p. 132. 
first Ed. how rapidly might deposits be accumulated around them, were the 
river a turbulent one, proceeding from a mountainous region. 

Obj. 3. The vast accumulations that have been made of the shields of 
animalcula since the commencement of the historic period, show that similar 
deposits of other animal remains might have been mad» of much greater 
thickness in ancient times, in a comparatively short period. 

Am. If it can be shown that the larger animals, like those found fossil, 
have a power of increase that will compare at all with the astonishing multi- 
plication of animalcula, the objection will be valid : but not till then : and 
this can never be shown. 

Obj. 4. All the causes producing, rocks may have operated in ancient 
times with vastly more intensity than at present. 

Ans. This, if admitted, might explain the mere accumulation of materials 
to form rocks. But it would not account for the vast number of changes 
which took place in their mineral and oi^jganic characters; which could have 
taken place, without a miracle, only dunng vast periods of time. 

Obj. 5. The fossiliferous rocks might have b^n created, just as we now 
find them, by the fiat of the Almighty, in a moment of time. 

Arts. The possibility of such an event is admitted : but the probability is 
denied. If we admit that organic remains, from the unchanged elephants 
and rhinoceros of Siberia, to tne perfectly petrified trUobites and terebratuls 
of the transition strata, were never livmg animals, we give up the whole 

Sound work of analogical reasoning ; and the whole of physical science 
lis to the ground. But it is useless fonoally to reply to an objection which 
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would never be advanced by any man, who had ever examined even a cabi- 
net collection of organic remains. 

Inf, 12. There is reason to suppose that immense numbers 
of the softer species of animals, which have no solid parts, may 
haye liyed and died, during tHe deposition of the older- fossih- 
ferous rocks, without leaying in tne rocks a yestige of their 
existence. 

Proof, Limestone, (that is the carbonate of lime,) being then 
less common than at a later period, it is probable that animals 
not needing it to form a coyering or a skeleton, would haye 
been created ; since we find that in all periods liying beings 
had natures exactly adapted to their condition. Again, we find 
many of the older secondary limestones highly bituminous : and 
the decomposition of soft and gelatinous animals would haye 
produced a large amount of bitumen. De la Beckys Manual, 
jp. 476. 

Inf. 13. The greater part of the accessible crust of the globe 
may once have constituted portions of the animal frame. 

Proof In respect to limestone, which has been thought to 
constitute about one seventh of the earth's crust, the presump- 
tion in favor of its animal origin, seems quite probable : that is, 
animals have the power of separating Hme from its other com- 
binations and converting it into the carbonate. Macculloch^s 
Syst. Geol. Vol. 1. jo. 219. LtfelFs Prin. Geol Vol. 3. p. AOl. 
The recent discoveries of Ehrenberg, respecting fossil animal- 
cula, already detailed, make it probable that a large amount of 
silica and oxide of iron may have thus originated. At a late 
meeting of the British Association, for the" Advancement of 
Science, this naturalist exhibited ^' a large glass full of artificial 
siliceous earth," which he had prepared from existing infusoria; 
and he says that " pounds and tons of this earth may be easily 
prepared." Am. Jour. Sci. Vol 35. p. 372. I am not prepared, 
however, to go so far on this subject, as a recent able and 
elegant writer, who says, that " probably there is not an atom 
of the solid materials of the globe, which has not passed through 
the complex and wonderful laboratory of life." ManielVs 
Wond. Geol. Vol 2. p. 670. 

Inf. 14. It appears that every successive general change, 
that has taken place on the earth's surface, has been an improve- 
ment of its condition. 

Proof. Animals and plants of a higher organization have 
been multiplied with every chanee, until at last the earth was 
prepared for the existing races ; the most generally perfect of 
all, with man at their head. 
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SECTION VI. 

OPERATION OF AQUEOUS AND ATHOSPERIC AGENCIES IN 
PRODUCING GEOLOGICAL CHANGES. 

Prin. The basis of nearly all correct reasoning in geology, 
is the analogy between the phenomena of nature in all perioos 
of the worlas history : in other words, similar effects are sup- 
posed to be the result of similar causes at all times. 

Illtis. aftd Proof. This principle is founded on a belief in 
the constancy of nature : or that natural operations are the re- 
sult of only one general system, which is regulated by inyariable 
laws. Every other branch of physical science, equally with 
geology, depends upon this principle : and if it be given up, all 
reasoning in respect to past natural phenomena, is at end. 

Rem. It does not follow from this principle that the causes of geologicai 
change have always operated with equal intensity, nor with entire uniformi^. 
How great has been the irregularity of their action, is a subject of debate 
ouionor geologists. 

Inf. We see from the preceding principle, how important it 
is to ascertain the true dynamics of existing causes of geological 
change : that is, the amount of change which they are now 
])roducing. For until this is done, we cannot determine whether 
these causes are sufficient to account for all the changes whidi 
the earth has undergone. 

RC711. Heat, cold, and water in its manifold states, liquid, solid and 
vaiK)rous, so often act conjointly upon rocks, that their separate agency can- 
not be pointed out. But the results of their combined action are numerous. 

Glaciers, Avalanchts, Icebergs, and Landslips. 

Dcscr. Glaciers are masses of ice which are enclosed in Al? 
pine valleys, or are suspended upon the flanks of the mountains 
which rise into the regions of eternal frost. Being of a white 
color, they appear at a distance like vast streams of snow issu- 
ing from lofty summits, and extending into the lower valleys. 
In the Alps, where the large glaciers have received distinct 
names, as Bossons, Montanvert, Aletsch, Viesch, 8jc., they ter- 
minate sometimes as high as 7000 or 8000 feet ; but some de- 
scend to 3000 feet. They are sometimes three miles wide and 
fifteen miles long : and their thickness at the lower end varies 
from 80' to 100 feet, and at the upper end, from 120 to 180 feet. 
Etiulcs sur les Glaciers par Agassiz, Nenchatel, 1840. From 
tills most interesting work, I derive nearly all the statements 
that follow respecting glaciers. 

Descr, Glaciers are composed of snow that has been more 
or less melted and again frozen. The lower part becomes pure 
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solid ice : the upper part is composed of a sort of granular snow, 
called in French, nevBj and in German, firn. A new layer is 
added at least eacH year, so that the mass is stratified. The up< 
per surface is rough and sometimes covered by pointed masses 
of ice, called Aiguilles or Needles. Fissures across the glacier, 
20 or 30, and sometimes even 100 feet wide, are very common, 
produced by the unequal temperature of different parts of the 
mass. The slope of glaciers is frequently quite moderate. The 
lower end of the glacier of Aar, wnich is 15 miles long, is 3000 
feet below the upper end. The slope of that of Aletsch, is 2** 
58 : that of the mer de glace of Chaumoni, is 3^ 15. 

DescT, The crests and higher parts of the Alps, which are 
frequently vast plateaux, or table land, containing 100, 200, or 
even 300 square miles, are covered with thick continucrus masses 
of ice, through which the loftypeaks sometimes rise as volcanic 
mountains from the ocean. These plateaux are denominated 
Mers de Glace, or seas of ice : and from them the glaciers 
originate. The mers de glace by expansion, send down the 
sides of the mountain, especially through the valleys, enormous 
streams of ice, which continue to descend until they are melted. 
The common opinion that the glaciers slide down the moun- 
tains by their weight, is found to be incorrect , as they are not 
detached from the mer de glace ; and it is only the lower part, 
where the ground is thawed beneath, that slides over the sur- 
face, and that by the expansion of the ice. In the winter they 
do not slide at all on their bottom. 

IQais. To ffive a more accnrate idea of glaciers, I have reduced a few 
of the splencud drawings of the Etudes stir les OlacierSj and had them 
executed on wood. They have been so well executed by the artist, aa 
to give almost as good an idea of the phenomena of glaciers, as the 
originals. Fig. 88, is a view of the upper part of the glacier of Yiesch, as it 
proceeds fh)m the distant mer de glace^ and winds through the long valley. 

Descr. When the slope down which the ^lacier descends is 
very steep, or it is crowded to the edge of a precipice, huge 
masses sometimes are broken off by gravity, and tumbling down 
the mountain, produce great havoc. In the Alps these are 
called avalanches ; and so large are they sometimes, that from 
one to five villages, with thousands of inhabitants, have been 
destroyed in a moment. 

Descr. Landslips are a somewhat similar occurrence, happening in 
countries where perpetual frost does not exist. They frequently occur in 
the spring, when the frost leaves the soil, and the great weight of snow and 
ice drags along with it trees, soil and rocks, down the mountain's side. 
Sometimes these slides take place in the summer, after powerful rains; as 
that in the white Mountains in 1826, bj which a fami^ were destroyed. 
Marks of ancient slides are visible on the sides of the Hopper on Saddle 
Mountain in Massachusetts. 
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Descr, When avalancKes occur on the steep shores of the 

-ocean in high latitudes, the mass of ice, loaded perhaps with 

detritus, is precipitated into the sea and constitutes an iceberg. 

These icebergs are drifted often to a great distance by oceanic 

currents. Those from the northern ocean are seen as far south 

as 40° N. latitude. They are sometimes a mile in diameter, 

and rise 250 or 300 feet above the surface, and consequently 

must sink more than 2000 feet below; as every cubic foot 

above, implies 8 cubic feet below the surface. They were 

exceedingly numerous and large in the Atlantic Ocean in W. 

longitude about 50, reaching probably from N. latitude 40° to 

43,° in the spring of 1841. JV. York Mercury, June 10, 1841. 

Capt, Hosken^s Statement 

IWus. Fig. 90, showB the lower extremity of the glacier of Aletsch in 
the Alps, where it enters the lake of Aletsch, which it formerly caused to 
overflow with great devastation. Masses of ice are frequently broken oflf 
and float about in the lake, as shown in the flgure. This is one of the 
largest glaciers in the Alps. 

Descr. As glaciers advance by expansion, they break off 
masses of rock from the sides and bottoms of the valleys, and 
crowd along whatever is movable, so as to form large accumu- 
lations of detritus in front and along their sides. When the 
glacier melts away, these ridges remain, and are called moraines. 
Agassiz describes three kinds : 1. The terminal moraine^ or that 
at the extremity of the glacier : 2. Lateral moraines^ or those 
ridges of detritus formed along the flanks of the glacier. They 
are thickest at their lower part, and decrease upwards. 3. 
Medial moraines^ or those longitudinal trains of blocks which 
sometimes accumulate upon the top of the glacier, especially 
where glaciers unite from two valleys, and crowd the detritus 
between them upon their tops. The moraines are sometimes 30 
or 40 feet high. 

Descr. At the lower extremity of the glacier, there is a 
vault from which issues, especially in the summer, a stream of 
water, which ramifies upward beneath the ice like rivers in 
general. This stream, continuing from generation to genera- 
tion, wears out a channel in the rocks as it descends from the 
glacier. 

Plus. Fig. 69, shows the lower extremity of the glacier of Vicsch, with 
a distinct terminal moraine, which, at the sides, is connected with lateral 
moraines. A stream of water is seen i-sning from the glacier, which has 
worn a channel in the rocks. On Fig. 88, are shown both lateral and me- 
dial moraines : the latter considerably scattered. 

Descr. The progress of glaciers down their slope by expan- 
sion, varies with their situation and the temperature and hygro- 
metric state of the season : for they move only in the summer. 
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In a single case the advance waa 4400 feet in nine yean. Some- 
times they advanced lower and lower for seTerat years in eoa- 
Hquence of the low temperature, and then they retreat by being 
melted and eTSporated when the aeaaona are warmer. Bat 
these changCB have do regnlar period, nor are they dependent 
up3D any general changes in the temperatnie of the globe. A< 
the glaciers advance and retreat they produce and leave soece^ 
give moraines, especially terminal onea 

Rem. Water in Trcniiig enlireea abanl one ninth of iU toIbdw. TW- 
no's Cimairi), p. 10. Fifik AncncJin Eilitien. 

DescT. Although the inferior surface of the glacier i> pua 
smooth ice, yet it is usually thickly set with fragmenta of lo^ 

fsbblcs anid coarse sand, nrmly frozen into it, which make it « 
iige rasp ; and when it moves forward, these projecting mwi^ 
pressed down by the enormons weight of the glacier, wear dows 
and scratch the solid rocks ; or when the materials in the ioa 
ore very fine, thoy smooth and even polish the surface bemeallL 
The movable materials beneath the ice ate crushed and raiuided, 
and often worn into sand or mnd. The rocks in place, againat 
which the glacier presses, are abo smoothed aod striated npon 
their sides. These strin, wherever found, ore perfectly parallel 
to one another, because the materials pioduciog tbem are fixed 
ill the bottom of the ice. But as the glacier advances and re- 
trcatSj new sets of scratches wiU be produced, which a 
cross those previously made, at a small angle. 
lUns. Vie. !>[,tl ■ ■ 
jUcierintI 

Fig. 91. 
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Descr. When the ledges beneath the glaciers are Tinevan 
■nd exhibit many angalai projections the asdes are worn off 
and the surfaces assume that pecuhar rounded and ndulat ng 
aj^Biance denominated by Saussure roeAes movtonnces <iome 
tmpeifect examples of which are shown on Figs. 88 and b9. 
where a eoosideiable surface near .the lower left hand corner of 
the drawing shows the effect of former glaciers, 

Deicr. Currents of water sometimes conspire with the move- 
ments of the glacier, and form grooves or troughs of consider- 
able depth and width on the top of precipitous rocks, to which 
currents of water could have no accees were not the space around 
them filled with ice. Such furrows are called in Switzerland, 
lapiaz, or lapiz. 

Rtn. The phrnomena of glacien rorm a new and important element ia 
gealoi^CBl reanning. The application of the ieluis that have been given 
will beieen when we come to the nubjecl or diluvtunt oi drift in tho list put 
at Ibis Section. 
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Degradation of Rocks and Soil by Frost and Rains. 

Descr. Water acts npon rocks and soils both cKemically and 
mechanically : chemically, it dissolves some of the sabstances 
which they contain, and thns renders the mass loose and porous : 
mechanically, it gets between the particles and forces them 
asunder ; so that they are more eaauy worn sway when a cur- 
rent passes over them. Coneelation still more enectoally aepar 
rates the fragments and grains, and thus renders it easymr 
rains and gravity to remove them to a lower leveL In a nni^ 
year the influence of these causes may be feeble : but as they 
are repeated from year to year, they beicome in fact some of the 
most powerful agencies in operation to level the surface of eoor 
tinents. 

Detritus or Debris of Ledges, 

Descr. It is chiefly by the action of frost and gravi^, that 
those extensive accumulations of angular fragments of rocks 
are made, that often form a talus, or slope, at tne foot of naked 
ledges, and even high up their faces. In some cases, though 
not generally, this detritus has reached the top of the ledjge, 
and no farther additions are made to the broken spoils, which 
usuaUy slope at an angle not far from 40^. Examples of this 
detritus are usually most striking along the mural faces of trap 
rocks ; as for instance in the valley of Connecticut river in 
New England. 

Inf. From these facts it appears that the earth cannot have 
existed in its present state an immense period of time : other- 
wise these slopes of debris would in every instance have ex- 
tended to the top of the ledge : that is, the work of degradation 
would have been finished. We cannot, indeed, determine from 
tills geological chronometer, the chronological epoch when this 
work of degradation commenced : but we are at least made sure, 
that the present state of the earth had a beginning. 

Rivers. 

Descr, Rivers produce geological changes in four modes : 
1. By excavating some parts of Uieir beds. 2. By filling up 
other parts. 3. By formmg deposits along their banks. 4. By 
forming deposits, called deltas, at their mouths. 

Exam. Most of the larger rivers, especially where they flow through a 
level country, are filling up their channels : but where smaller streams pass 
through a mountainous region, the power of excavation is still gmng on : 
and it is accomplished in a good measure by means of ice freshets. It is im- 
possible for one who has not witnessed the breaking up of one of these 
streams in the spring, when for many miles the whole channel becomes 
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literally choked with ice, to form an adequate idea of t|ie immense excava- 
ting force which it exerts. 

Descr. The deposit formed in the lake of Geneva by tKe 
waters of the Rhone, has been already mentioned. Another 
is formed at the mouth of this river, on the shores of the Medi- 
terranean, and is said to be mostly solid calcareous and even 
crystalline rock. LyelV^ Prin. OeoL Vol. 1. p. 433. The 
delta of the Mississippi has advanced several leagues since New- 
Orleans was built. The delta of the Ganges commences 220 
miles from tbe sea, and has a base 200 miles long, and the 
waters of the ocean at its mouth are muddy 60 miles from the 
shore. Since the year 1243 the delta of the Nile has advanced 
a mile at Damietta ; and the same at Foah since the 15th cen* 
tury. In 2000 years the gain of the land at the mouth of the 
Po, has been 18 miles, for 100 miles along the coast. TKe 
delta of the Niger extends into the interibr 170 miles, and 
along the coast 300 miles, so as to form an area of 25.000 
square miles. 

Descr. An immense alluvial deposit is forming at the mouth 
of the river Amazon and Oronoco ; most of which is swept 
northerly by the Gulf Stream. The waters of the Amazon are 
not entirely mixed with those of the ocean at the distance of 
300 miles from the coast. The quantity of sediment annually 
brought down by the Ganges, amounts to 6.368.077.440 tons; 
or 60 times more than the weight of the great pyramid in Egypt. 
The quantity of matter chemically and mechanically suspended 
in the waters of Merrimac river, that run past the city of 
Lowell in Massachusetts, in 1838, according to the very accu- 
rate experiments of Dr. Samuel L. Dana, amounted to 1.678. 
343.8 1 0, pounds avoirdupois. The annual amount of anthracite 
coal used in the Merrimac Print Works in Lowell, is 5000 
tons : and Dr. Dana estimates, that if the above amount of sedi- 
ment were coal, it would supply those works 167 years. The 
quantity of water discharged by the Merrimac in 1838, was, 
219.598.840.800. cubic feet. 

Inf. 1. The extensive deposits thus forming daily by rivers, 
need only consolidation to become rocks of the same character as 
the shales, sandstones, and conglomerates of the secondary series. 

Inf. 2. Rivers in general have not excavated their own 
beds : but run in valleys formed for the most part by other 
causes. 

Proof 1. In a majority of instances they are filling up 
their beds. 2. Transverse valleys frequently cross the course of 
rivers in sueh a way, that the water must have originally passed 
through them instead of excavating their present channels. 

15» 
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lUus. Fig. 94, shafws Connecdeut RiTer, croflring MaBsacboietti and 
Connecticat, and emptying into Long Island Sound. If it had been 
left at first to find iti own way to the ocean, and the pasBage between Hdy- 
oke and Tom (which are in fihct bat one ridge,) had not been fiNrmed, it mint 
have passed throoffh the valley A, to the sound : since no part of that val- 
ley, (through which the Farmington canal passes,) is more than 134 feet 
above the present bed of the river, where it runs between Holyoke and Tom. 
Or if the bed of the river had not existed through the mountains below 
Middletown in Connecticut, the river, instead of forming it, would have 
nassed to the Sound through the valley B, through which the BLartfimi and 
riew Haven Rail Road now runs, and no jMurt of which can be more than 
20 or 30 feet above the present level of the nver at Hartford. 

Descr. Terraced vaUeys^ (of one of wMcli a cross section is 
given in Fig. 93, at A,) sometimes exist in alluvial or tertiary 
regions, wi& the terraces on each side of equal height : and 
these appear to have been formed by the excavating operations 
of the rivers themselves. 

Moi^e of FWmation. Some suppose them formed by the sudden and 
successive bursting away of the barriers by which the river has been xe- 
strained. But it is wholly unnecessary to suppose any such bursting of 
barriers. The slow and uniform operation of the stream upon alluvial soO, 
will explain all the phenomena. But the explanation cannot be mven here 
for want of room. It will be fi>und in my I^Snal Report on the Geology of 
MasMchtiscttSj Vol. 2. p. 332. 

Dr. Buckland has recently suggested that these pandlel terraces in Soo^ 
land are probably " the effects of likes produced by glacial actbn. Proceed- 
ings of the Geological Society, Nov, IStk, 1840, p. 3S. 




VaOeya. 

Other Valleys. 

Descr. The terraced valleys above described are denomina- 
ted valleys of denudation^ wnen produced by the denuding' 
force of water : and numerous valleys of other shapes, having 
been formed in the same manner, are thus called. Indeed, 
scarcely a valley exists that has not been more or less modified 
by this cause. But the greater part of the larger valleys that 
furrow the earth's surface, had a different origin ; viz. the ele- 
vations, fractures, and dislocations which the strata have ex- 
perienced. 
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Proof, Thfi phflpomcna of loDgitudinal and transvene valleya proTe that 
all of them cannot haye been t& resiiit of running water. In Fig. 94^ 
wluch ia a sketch of the Talley of Connecticut river, with a portion of the 
moontainona region on both sides, k will be seen that the general direction 
of the mountain ndget, and of oomse of the valleys, is nearly north and 
aouth. Nevertheleas, it will be seen that the tributaries of the Connecticut, 
Fannington, Agawam, and Deerfield rivers, and also the Connecticut itself 
paas across Uiew ridges and longitudinal vaUejs, in transveise valleys, which 
miwt be deeper than the others, else the water would flow out laterally into 
the longitudinal valleys. Now it is obvious that both sets of these valleys 
could not have been excavated by water. For if the loneitudinal vaUejs 
were thus formed, how could the water afterwards be raised to the requisite 
level, for cutting valleys through the longitudinal ridbes 1 We must there- 
fore, suppose that one and o&n both of these sets of valleys or^inated in 
the firactuies and foldinffs of the strata at the time of their elevation ; and 
that water has only rounded their outlines and covered their inequalities with 
detritus. 

"Dtf. When a valley is produced by tKe sinking of the strata ; 
or which is the same thing, by their elevation along two parallel 
anticlinal lines, it forms, what is called a valley of subsidence^ as 
B. Fig. 93. When by the elevation of the strata they are made 
to separate at their lughest point, a valley is produced, called a 
valley of elevation ; as C. When a fracture nas taken place in 
the strata, so as to leave the sides very steep and the valley 
narrow, a ravine is produced ; as at D. In such a case the 
lower part of the fissures is usually filled up with detritus. 

Prin. In some instances it is very difficult to decide, whether 
a particular gorge or ravine has been excavated by existing 
streams or by earlier agency, or was in part formed by some 
original dislocation of the strata, or by all these causes combined. 

Exam. The deep ravine, seven miles lon^, between the falls of Niagara 
and Lake Ontario, has occasioned much discussion among geologists, re- 
specting its origin. The falls are about 150 foet in height ; and 670.000 tons 
of water are precipitated over them every minute. The upper stratum of 
rock is limestone ; beneath which is shale, which wears away fitster than 
the limestone, so as to cause the latter occasionally to break off in large 
masses ; and the falls have been said in this way to recede 50 yards in lo 
years. At this rate it would have required 10,000 years for them to have 
reached their present situation, if they commenced at Lake Ontario ; and 
30.000 years longer will be necessary to reach Lake Erie. But the rate of 
retrocession is yet unsettled ; and probably it would be very different at dif- 
ferent periods ; and besides, the suggestion of Prof. Rogers {Am. Journal of 
Science, Vol. 27, V- 326.) that diluvial action may have commenced the ex- 
cavating process, has no little plausibility : so that the time ahready occupied 
in forming this ravine, and the time requisite to carry it to Ontario, must be 
r^arded as determined only conjecturally. The geologist, however, who 
Witnesses the extensive excavations made by other streams in our country in 
the solid rocks, ndll not be disposed to reject the above calculatbns simp^ 
because they require vast periods of time. 
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Bursting rf Lakes, 

Dtscr. A few examples have oecnned in which a lake, or a 
laree body of water long confined, has broken through its barrier 
and inundated the adjacent country. An interesting example 
of this kind occurred in the town of Glover in Vermont ; in 
which two lakes, one of them a mile and a half long and three 
fourths of a mile wide, and in some places 150 feet deep ; and 
the other, three fourths of a mile long, and half a mile wide, 
were let out by human labor, and being drained in a few minutes, 
the waters urged their way down the chann^ of Barton river, 
at least 20 miles to Lake Memphramagog, mosdy throu^ a 
forest, cutting a ravine from 20 to 40 rods wide, and from 50 
to 60 feet deep : inundating the low lands, and depositing there- 
on vast quantities of tiiober. . America/n Journal of Science^ 
Vol. 11. p. 39. In 1818, the waters of the Dranse in Switser- 
land, having been loi^ obstructed by ice, burst their barrier 
and produced stHl greater desolation, because the country was 
more thickly settled than the borders of the lakes above named. 
De la Bechis Manual, p. 56. 

Bern, U has been sappoaed, that should the lalki of Niaeafa ever recede 
to lake £rie, a texrible inandation of the legion eastward woiua be the result: 
iHit De la Beehe has sroved satisfiu^rily, that the only effect would be a 
gradual draining of lake Erie, with only a slight increase of Niagara nver. 
*I%eoretical GecSigy^p. 154. 

Agency of the Ocean, 

Descr. The ocean produces geological changes in three 
modes: 1. By its waves : 2. By its tides : 3. By its currents. 
Their effect is twofold: I. To wear away the land: 2. To ace«- 
mulate detritus so as to form new land. 

Deser. The action of waves or breakers upon abrupt coasts, 
composed of rather soft materials, is very powerful in wearing 
them down, and preparing the detritus to be carried into the 
ocean by tides and currents. During storms, masses of roeka 
weighing from 10 to 30 tons, are torn from the ledges, and 
driven several rods inland, even up a surface sloping with a 
considerable dip towards the ocean. ) 

Ea^am, In the I3th century, a strait half as wide as the channel between 
England and FVanoe, was ezcavaeted in 100 years in the north part of Hol- 
land : but its width afterwards did not increase. The English Channel also^ 
has been supposed to have been formed in a similar manner. In England, 
Several viflages hare entirely disappeared by the encroachments of the sea. 
At Cape Mar, on the noitii side of Delaware Bay, the sea has advanced 
upon the land at the rate of about 9 feet in a year; and at Sullivan's Island, 
near Charleston, S. Carolina, it advanced a quarter of a mile in three years. 
Bat perhaps the coast of Nova Scotia and iftew England, exhibits the most 
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■triting examples of Ue powerful wailing af^ncy of ihe wnTca, nhoM tbnm 
there i« often tremendom, apeclall; dorina tioIbuI northenat stoniig. Whor* 
the Mart ia rocky, uiBulaled ma«se« of rocfca [in Scotland called Dnmgt,) us 
leA OD the idiore, giTiiw k wild and jnctureaque cRbct lo the sceosir, ai in 
the tbtlowiiig Bketcb,Tig. 95, wbicJi naa Mken upon Jewell'i LilaDd in 
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Drongt on Jeaettt hbmd; Gaa Bat/. 

Descr. It ia difficult to exumne the coast of Nova Scotia and New 
Engliinil ; — la witness the great amount of naked battered rock*, and to 
■ee Eiaiban and indenta^oni chieflj where the rocks are rather soA, whila 
the capea and ialaodi ale chieSj of the huileet varieties, — wilhotit beiiw 
convinced that most of the- barbora and baja have been produced bj thM 
•geocy. In Boaton Harbor, the outer blandB are composecl of naked rock, 
and fi^ther within the harbor, the outer bordefs ot the JBlandi are being 
■wept of their loose aul. Here we see the steady pn^ceei of Ihia encroach- 
ingprocees. 

tig. 9G, ahowa the rooka anil light hoilaea (there is scarcely anjthing else 
lobe seen,) on the island near the exlremity of Cape Ann, in MBsaachuaetU, 
which upeculiariy eiposed lo N. EL storms. 

Fig. 97, will give an idea of the a|^>earance aS the islands in Ba«l4lB 
k HatMr, as it is entered fraiD the north-east. 



Deser. When the rocks exposed to the waves are diTided 
by fisBaieg, mnniog perpendicular to the coast, the mass be- 
tween two fissiiies is sometimes removed by the water, thiu 
leaving a chasm, often several rods long and veiy deep, into 
which the waves rush daring a storm with great noise and vio- 
lence. Such caverns have received in New England, the sin- 
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tfalat a.Tp'ptiilB.tioa oT pwrgaiories. Very good exampIeB oecntia 
t&e Ticinity of Newport, Rhode IbIbdq. i 

Rem. Similir fissurea with Ihe ume Dame occw in the inloioi ) w In 
SnttOD ftnd Great BarringtoD in Mua&chii«etU. 

;. Fig. 96. 




Beaches of Skingh and Swnd. 

Vescr. The shingle, oi peifectly water worn pebbles of « 
coast, and sand, are sometimes driven upon the shore by the 
waves, so as to form beaches ; and sometimes even large bowl- 
ders are thus urged inland hy powerful Btorms, so as to lie in a 
TOW on the shore. la some cases of this sort, after the beaches 
have been formed, the waves rather protect the coast than en- 
croach upon it 

Danes or Downs. 

Deser. The sand which is driven upon the shore hy the 
waves as above described, is oflen carried so far inland as to be 
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beyond tKe reach of the retoming wave ; and thus an acctuatfi* 
lation takes place, which is the origin of most of those moving 
sand hills, known by the name of dunes or downs. When the 
sand becomes dry, the sea breezes drive it farther and farther 
inward ; the land breezes not having equal power to force it 
back ; and at length it becomes a formidable enemy, by over- 
whelming fertile n^lds, £Uing up rivers, and burying villager 
Sometimes these dunes occur in the interior of a country. 

Exam, ETerr one m familiar with tha hifftary of theie danea in Egypt 
Tbe westerly winds haye broa^t in the sandt from the Lyhian desert, 
and all fine west side of the Nile, with the exception af a few shelteied 
spots, has been conrerted into an arid waste. In Upper Egypt espedally, 
the remains of ancient temples^palacesj cities, and Tubges, are nmneimia 
among the driftmg sands. In Einrope, around the Bay of Biscav, a simi- 
lar destructive process is going on. A great nnmber m villages nave been 
entirely destroyed } and no less than ten are now imroincmy threatened 
bv sand hUlSy whielt advance at the rate of 60 or even 72 feet annually. 
C5n the cassat ef CornvraM in Ensland, similar effects have taken place. 
These dwMs are also common on ue coast of the United Stales, especially 
on Cape Cod in Massachusetts } where strennoos efforts have been made to 
arrest their progress , and to prevent the destmction of vilkges and harbors 
that are thre«tened. 

Waves and THdes, 

Rem, 1. It has generally been slated that waves do not affect the bot- 
tom of the ocean wnere the water is more than 20 feel deep. Bat the exact 
depth to which their disturbing influence extends^ has not been accurately 
settled. 

Rem, 3. It must be recoUected in estimating the power of waves to 
remove rocks, that the weight of the latter in water is not much more than 
half their weight in air; and conse^fueiitly that a much less force vrill re- 
move them. 

Descr, In large inland hodies of water, such as the Mediter- 
ranean, Black and Caspian Seas, and Lake Superior, tides are 
scarcely perceptible; never exceeding a few inches; and in 
the open ocean they are yery small ; not exceeding 2 or 3 feet : 
But m narrow bays, estuaries, and friths, favorably situated for 
accumulating the waters, the tides rise from 10 to 40 feet; 
and in one instance even 60 or 70 feet on the European coasts, 
and in the Bay of Fundy, in Nova Scotia, 70 feet. In such 
f cases especially where wind and tide conspire, the effect is 
eonsideraUe upon limited portions of coast, both in wearing 
away and filling up. De la Beckers Mantud, p. 85. Lyelfs 
Prin, GeoL Vol. 2. p. 24. 

Oceanic Currents. 

Descr. Oceanic currents are produced chiefly by winds. 
The most extensive current of this kind is the Gulf Stream. 
This flows out of the Indian Ocean, around the Cape of Good 
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Hope, passes northward along the coast of Africa to tKe equa- 
tor, thence across the Atlantic ; being increased by the Trade 
winds: and impinging against Sontn America, it is turned 
northward, and continues along the coast of the United States 
^ven to the banks of Newfounmand ; from whence it turns east 
and southeast across the Atlantic, returning to the coast of 
Africa to supply the deficiency of waters there. It is estimated 
that this current covers a space 2000 miles in leng^ and 350 
in breadth. Its velocity is very variable ; but may be stated 
as from one to three and even four miles per hour ; its mean 
rate being 1.5 nule. A current sets northward between America 
and Asia, through Behring^s Straits, which passes around the 
northern extremity of America, and flows out into the Atlantic 
in two currents, one called the Greenland current, which passes 
along the American continent, at the rate sometimes of 3 or 4 
miles per hour, until it meets and unites with the Gulf Stream, 
near the Banks of Newfoundland, where the velocity is two 
miles per hour: the other sets into the Atlantic between 
America and Europe. It is these two currents that convey ice- 
bergs as far south as the 40th degree of north latitude before 
they are melted. Among the Japanese Islands a current sets 
northeast, sometimes as strong as nve miles per hour. Another 
sets around Cape Horn from the Pacific into the Atlantic 
Ocean. A constant current sets into the Mediterranean throudi 
the straits of Gibraltar, at less than half a mile per hour, it 
has been conjectured, but not proved, that an under current sets 
outwards through the same strait, at the bottom of the ocean« 
Mr. Lyell also suggests that the constant evaporation going on 
in that sea, may so concentrate the waters holding chloride of i 
sodium in solution, that a deposit may now be forming at the 
bottom. But the deepest soundings yet made there, (5880 feet,) 
brought up only mud, sand, and shells. Numerous other cur- 
rents of less extent exist in the ocean, which it is unnecessary 
to describe. They form, in fact, vast rivers in the ocean, whose 
velocity is usually greater than that of the larger streams upon 
the land. De la Beckers Manual, ^.91. 

Descr. The ordinary velocity of the great oceanic currents 
is from one to three miles per hour : but when they are driven 
through narrow straits, especially with converging shores, and 
the tines conspire with the current, the velocity becomes much 
greater, rising to 8, 10, and even in one instance to 14 miles 
per hour. LyeWs Prin, GeoL VoL 2. p. 29. 

Descr, The depth to which currents extend has not been 
accurately determined. Some limited experiments seem to in- 
dicate that they may sometimes reach to the depth of nearly 

16 
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500 feet It ouglit to be remembered, however, that die fne&ft - ^-J 
of water against tbe bottom, greatly retards the bwer portiM .•= J"^- 
of the current ; so that the actual denuding and transpoitiiig 
power in these currents is far less than the velocity at tne soi- 
face would indicate. 

Descr. Alike uncertain are the data yet obtained, for dt- - 
termining what velocities of water at the bottom are requiiili^ 
for removing mud, sand, gravel, and bowlders. It has been 
stated, however, (and these are the best results yet obtained,) 
that 6 inches per seccmd will raise fine sand on a horizontal sur- 
face, 8 inches, sand as coarse as linseed; 12 inches, fine gravA: 
24 inches per second will roll along rounded gravel an inch in 
diameter : and 36 inches will move angular iragments of the 
size of an egg. The velocity necessary for the removal of large 
bowlders has not been measured. A velocity of 6 feet per 
second would be 4 miles per hour : of 8 feet per second, 5.4 
miles per hour: of 12 feet per second, 8.2 miles per hour: of 
24 inches per second, 16.4 mues per hour : of 36 feet per second, 
24.6 nules per hour. Fine mud will remain suspended in water 
that has a very slight velocity, and often will not sink more 
than a foot in an hour ; so that before it reached the depth of 
500 feet, it might be transported by a current of 3 miles p«r 
hour, to the distance of 1500 miles. De La BeMs TheoreHeed 
Geology, p. 56, and 64. 

Inf. 1. It appears that most rivers, in some part of their 
course, especially when swollen by rains, possess velocity of 
current sufficient to remove sand and pebbles ; as do also some 
tidal currents around particular coasts: but large rivers and 
most oceanic currents can remove only the finest ingredients ; 
and as to large bowlders, it would seem that only the most vio- 
lent waves and mountain streams can tear them up and roll 
them along. 

Inf. 2. Oceanic currents have the power greatly to modify 
the situation of the materials brought to the sea by rivers and 
tides, and to spread them over surfaces of great extent. 

V Exam. The waters of the Amaaon, still retaining fine sediment, are 
found on the surface of the ocean 300 miles from the coast, where they are 
met by the Gulf stream, which runs there tX the rate of 4 miles per hour. 
Thus are these waters carried northerly donff th« coast of Guiana, where an 
extensive deposit of mud has been formed, which extends an unknown dis- 
tance into the ocean. In like manner, the muddy waters of the Oronoco 
and other rivers are swejpt northerly, and probably a deposit is going on along 
the whole coast of Amenca a» fiur north as the Gulf Stream extends. Ludfs 
Prm, Ged, Vol.%p,l\2. 

\ z ■ 
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CHBMICAL DEPOSITS FROM WATER. 

Calcareous Ihifa, or Travertin. 

Deset. In certain cireumstances water holds in solution a 
onantity of carbonate of lime, whicH is readily deposited when 
jfkom circumstances change. The deposit is called iratMrtin^ 
«r eaUa/reou$ tufa. 

Exam. At Clermont in France^ a sin^e thermal fipring has depootod a 
inass of trayertin 240 feet lon|^ 16 &et nigh, and 12 &et wide. At San 
Yignone in Tuscan^Ti a mass lias been formed upon the side of a hill^ half a 
f mSd \oTkg and of various thickne^, even up to SDO feet. At San F^ippo, in 
the same country, a spring has deiKMnted a mass 30 feet thick in 20 years. 
And a mass is found tnere, 1.25 mile in len^h, one third of a mile wide, and 
in some places 250 feet thick. In the vicinity of Rome, some of the traver- 
tia can hardly be distuaguished from statuary marble ; and that which is 
constantly forming near Tabreez in Persia^ is a most beautifiil variety of 
semi-transparent marble, or alabaster. At Tivoli in Italy, the beds are some- 
times from 400 to 900 feet thick, and the rock of a spheroidal structure. 
IjyeWs Prin. GecL Vol 1. p. 397. 

Marl. 

Descr. The only kind of marl now in the course of forma* 
tion, is that deposited at the bottom of ponds, lakes, and salt 
water, known by the name of shell marl ; and which consists of 
carbonate of lime, clay, and peaty matter ; as has been described 
in a preceding section. Tne marls in the tertiary strata are 
frequently indurated, and go by the name of rock marl Much 
of the marl used in Virginia, and other southern States, is com- 
posed mostly of fossil marine shells ; and this is a true shell 
marl. But that usually so called, contains only a small propor- 
tion of shells : the remainder being pulverulent carbonate of 
lime, except the clay and peaty matter, mixed with the car- 
bonate. These beds of marl often cover hundreds of acres, and 
are several feet thick. In Ireland they contain bones of a large 
extinct species of elk, as well as shells of Cypris^ Lymnaa, VaJr 
vata, Cyclas^ Plariorbis, Ancycltbs^ dfc* The marls of this 
, country contain shells of Planorbis, Lymncta^ Cyclas^ and other 
small n*esh water molluscs. 

^ Rem. These alluvial deposits of marl have been generally supposed to 
be the result of the decomposition of the small shells which occur in them. 
But they seem to me only in part due to this cause. Carbonate of lime it is 
well known, is scarcely soluble in pure water. But if the water contain 
carbonic acid, and carbonate of lime be diffused in it, the acid will render it 
soluble. Yet the excess of acid is easily expelled, and then the salt will be 
deposited ; as we know to be the case in many waters that are not thermal ; 
as at ^e mouths of several of the streams that empty into the Mc '" 
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Nor will this deposit be necessarily crystalline ; for it may be pnlrerakBt 
Now the waters in limestone regions fire^aently contain carbonic add. 
They also often contain carbonate of lime, on a state of suspension, which 
has been worn from the rock. Hence the salt thus dissolved will be very 
fikely to be deposited, when the solution containing it forms ponds, whose 
stagnant waters are liable to chemical changes sufficient for this puiyoM. Or 
ifttiis be doubted, it is certainly very pos83>le that the streams that emp^^ 
into ponds, win carry thither roinnte particles of limestone, which baYebeea 
I worn from Um rodui oyrer which the waters have P&n^ ; uid these wal lie 
deposited when the waters have become quiet. The largest part of theat 
alluvial marls, that have come under my observation, appear to have been 
Ibrmed in one of these modes, and not by the disintemtion of the shdls. 
These are generdly in a sound state, when the marl is mrst dug, whereas if 
the powdered part originated from them, we ou^t to find them m fragments 
of evwy iiEe. Hewys C^enUstrv, Voi. 2. p, 612, ESeverUh BdiHon. Tkom* 
»n*s Inorgamc CSunwsi/ry^ Vol. 2. p, 512. 



Silieeaus SirUer, 

Descr. Thermal waters alone can contain silica in solntion 
to any important amount. The most noted of these are the 
Geysers in Iceland, where a siliceous deposit, ahout a mile in 
diameter, and 12 feet thick, occurs ; and those of the Azores, 
where elevations of siliceous matter are found 30 feet high. 
The stems and leaves of the frailest plants are converted into 
fldnter or covered with it Thermal springs, also, not in volcanic 
regions, as on the Washita river in this country, and in Inditi 
deposit a copious sediment of silica, iron, and lime. 



Hydrate of Iron^ or Bog Iron Ore* 

Desor. It is probable, as will be shown in a subsequent secdon, that the 
flreater purt of the forruginous deposits so widely diffused, originate from the 
rossil shields of animalcula. Yet in some instances we have direct evidence 
that they are produced by the decomposition of iron pyrites : for where such 
decomposition is going on, (as in the western part of Worcester County, in 
Massachusetts,^ the rocks are coated over with the hydrate, and the sur- 
f rounding soil oeeply impr^nated with it: Nor can there be any doubt but 
* this iron would be often carried by water — although not directly soluble 
in it, — ^to the lowest places, and into ponds and rivers, so as to form deposits 
there. 

Rem, The hydrate of manganese is almost as widely diffused through 
the rocks as the hydrate of iron ; but its quantity is so small that it exerts 
but a slight influence in the production of geological changes, and will 
therefore be passed without particular description. The same remarks will 
apply to suljmate of lime, carbonate of magnesia, chloride of calcium, Ac. 
which occur in almost all natural waters, and sometimes form deposili of 
•mall extent 
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Petroleum, Asphalium, ^e. 

V N. 

Descr, The great amount of bituminous matter with which 
certain springs are impregnated, renders them deserving of 
notice as existing causes of geological change, capable of ex- 
I^ainine certain appearances in the older rocks ; many of which 
are highly bituminous. In the Burman Empire, a groirp of 
sjffings or wells at one locality, yielded annually 400.000 hogs- 
heads of petroleum. It is found also in Persia, Palestine, Italy, 
and the United States. In this country it has the name of 
Seneca Oil, from having been early observed on the surface of 
springs at Seneca in N. York. It is thrown up in considerable 
abundance, also, at the salt borings on the Kenhawa river in 
Ohio ; where a few years ago a large quantity of it, floating on 
the surface of a snudl stream, took fire, and the river for a naif 
a mile in extent appeared a sheet of flame. Am. Journal of 
Science^ Vol. 24. p. 64. In Palestine the Dead Sea is called the 
lake Asphaltites, from the asphaltum which formerly abounded 
there. But the most remarkable locality of bituminous matter 
is the Pitch Lake in the island of Trinadad, in the West Indies. 
It is three miles in circumference, and of unknown thickness. 
It is sufficiently hard to sustain men and quadrupeds ; though 
at some seasons of the year it is soft Geological Transadions, 
Vol. 1. p. 63. 

I Rem. Mineral pitch was a principal ingredient in the cemeht used 
in constructing tne ancient walls of Babylon, and of the temple in 
Jerusalem. It has lately been employed in a similar manner, and it 
is said very successfully, to form a composition for paving the streets of 
cities. 

Prin, The various bitumens are produced from vegetables, 
by the processes by which these are converted into coed in the 
earth. 

Inf. ' Hence the bitumens that rise to the surface of springs, 
or form inspissated masses on the earth's surface, or between 
the layers of rocks, are supposed to be produced from vegeta- 
ble matters buried in the earth ; and to be driven to the sur- 
foce by internal heat ; and the fact that such deposits usually 
occur in the vicinity of active or extinct volcanos, gives proba- 
bility to this theory. 

Phenomena of Springs^ 

Descr. Water is very unequally. distributed among the iai* 
lerent strata ; some of them, as the argillaceous, being almost 
impervious to it ; and others, as the arenaceous, admitting it to 

16* 
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peicolato through them with ffraat Facility. Henca when th* 
fotmei lie beneath the latter la a nearly horizontal porati<», 
the k)wei portions of the latter will become leMtvoira of thii 
fluid. 

Inf. Hence if a valley of denndation cats throng these 
pervunu end imperrioiu etrate, we may expect springs along 
theii junction. 

mm. If B. B. f^. 96, b« the perrioiu, Knd C. C. the m^aniaM 
■tntum, *Dd A. the laUn of domdetiMi, wa lu; expect ^nD|p at 
E. E. 

Fig. 98. 




Doer. If a fault ooent in lb«M MnU, w «t D, i , 

•unb OD the right of D, bdiJ alill dip tonacib L, the water will be aocu- 
nulated at L, becauae it cannot pua into C, and a vouag mav be azp«ted ^ 
■t L. ■ ■ 

Ran. Somettmea the geologial can diacoTH the line of ■ ball bj tha 
occurreDce of apringi, where nothing elae indicates its eiiatanee at the 

Descr. In many partH of the world, if the strata be pone- 
tiated to a considerable depth by boring, water will rise, aome- 
timea with great force, to the surface, and continue to flow nn- 
inteiniptedly. Such esamples are called Arttsian wells; from 
having t>een first discovered at Artois, the ancient ArtesiunL 
Theory. The theory of these welh ia aimple. In EV, 31, (p. 48.) aup- 
'' ' '' ■ ■ ■• • id aho the nulbtone grit le 

ioni, or the watei bear- 
g ■tratam. Now if excavaliona ba made at B, or EI, till the ceal at 



: while the lower coal la perriona 



reached, it ia obvioui that walar will be forced to the anrface b; hjdroatalia 
preuure : beeaiue lome part of the water bearing atnUum ii higher than the 
ptHnta B, and C. 

Inf. I. If any water bearing stratum, passing under a place 
where boring is attempted, rises higher at any point of its pro- 
longation than the surface where the boring is made, the water . 
will rise above that surface : and it will fall as much below 
that anrface as ie the level of tha highest part of tha pemoot 
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Inf. % Hence l>orings of this sort may fail : first, because 
no water bearing stratum is reached; and secondly, because 
tbat stratum does not rise high enough above the {4ace to bring 
the water to the surface. 

Jn/ 3. These explorations have proved that subterranean 
streams of Water exist : some of which have a communication 
with water at the surface. 

Exam. At St. Ouen in France, at the depth of 150 feet the borer sud- 
denly f^ a foot, and a stream of water rushed up. At Tours the water 
brought up from the depth of 374 feet, fine sand, vegetable matter, and 
shells of species living in the vicinity, which must have Deen carried to that 
depth withm a few months preceding. In Westphalia the water brought up 
several small fish, althougn no river existed at the sur&ce within several 
leagues. The borings in the United States prove that cavities containing 
water exist even in ^anite. 

Depths of the Bonngs. In England, Artesian wells have been carried to 
the depth of 620 feet with success. In France, they have been sunk 800 
and even 1200 feet, and in one instance near Paris to 1800 feet before water 
was reached. In the United States, borings for salt water in the Western 
States, have been carried as deep as 800 or 900 feet. In the cities of New 
York, Baltimore, Albany, and in various parts of New Jersey, &c. borings 
for fresh water have been carried, and in most instances with success, to the 
depth of nearly 400 feet, though water has usually been obtained at a much 
less depth. An excavation in the city of New York, 100 feet deep and IG 
feet diameter, yields 8000 gallons daily ; and that in Bleeker Street, 442 feet 
deep, yields 44.000 gallons daily. Am. Jownudof Science^ Vols. XII. p. 136, 
andJOCIII. p. 206. 

Rem. 1. Until recently these borings have been generally performed 
by means of a continuous iron rod, sharpened like a drill at the lower 
end. But a fiur more convenient and economical method, which has 
long been in use in China, has lately been adopted : viz. to use a heavy 
cylmder of iron in the same manner, by means of a rope attached to its 
upper end ; a borer vrith valves being connected with the lower end, for 
bringing up the comminuted materials. BuclcUmd^s Bridgewater TVeatise^ 
VdL. 1. p. 66a 

Rem, 2. Thermal Springs will be considered under the eighth section. 

&aU and, other Mineral Springs. 

Descr. All waters found naturally in the earth, contain more 
or less of saline matter : but unless its quantity is so great as to 
render them unfit for common domestic purposes, they are not 
called mineral waters. 

Descr. The ingredients found in mineral waters, are the 
' sulphates of ammonia, soda, lime, magnesia, alumina, iron, zinc, 
ana copper : the nitrates of potassa, lime and magnesia : the 
chlorides of potassium, sodium, barium, calcium, magnesium, 
iron, and manganese ; the muriate of ammonia ; the carbonates 
of potassa, soaa, ammonia, lime, magnesia, alumina, and iron : 
the silicate of iron ; silica, strontia, hthia, iodine, bromine, and 
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organic matter ; the phosphoric, fluoric, muriatic, sulphurous, 
sulphuric, boracic, formic, acetic, carbonic, crenic, and apocrenic 
acids ; also oxygen, nitrogen, hydrogen, sulphuretted hydrogen, 
and carbureted hydrogen. Ure^s Chemical Dictionary, Article^ 
Water. See also Dr. Dauben^s admirable Report to the British 
Association, on Mineral and Thermal Waters, 1837, p. 14. 

Theory. Many of the above ingredients are taken up into a 
state of solution from the strata through which the water per- 
colates : others are produced by the chemical changes goine on 
in the earth, by the aid of water and internal heat ; and others 
are evolved by the direct agency of volcanic heat 

Salt Springs. 

Descr, The most important mineral springs in an economi- 
cal point of view, are those which produce common salt. These 
are called salines, or rather such is the name of the region 
through which the springs issue. They occur in various parts 
of the world ; and the water is extensively evaporated to obtain 
table salt. They contain also other salts ; nearly the same in 
fact, as the ocean. 

Exam. Some of these springs contain less, but usually they contain 
more salt, than the waters of the ocean. Some of the Cheshire springs in 
England yield 25 per cent. : whereas sea water rarely contains more than 4 
per cent. In the United States they contain from 10 to 20 per cent. They 
are used in New York, Ohio, Virginia, Pennsylvania, Uhnois, Michigan, 
Missouri, Arkansas, and Upper Canada. 450 gallons of the water at Boon's 
Lick in Missouri, yield a bushel of salt : 300 gallons at Conemaugh, Penn. : 
280 at Shawneetown, 111 : 120 at St. Catharine's, U. C. : 75 at Kenawha, 
Vir. : 80 at Grand River, Arkansas : 50 at Muskingum, Ohio: and 4t to 45 
at Onondaga, N. Y. : 350 gallons of sea water yield a bushel at Nantucket 
In 1829, according to a Report of the Secretary of the Treasury, 3.804.229 
bushels of salt were made in the United States. Since that time the quan- 
tity has greatly increased. In 1841, no less than 3.340.769 bushels were 
made at the Onondag^a Springs in New York alone ; and 3.000.000 bushels 
at the Kenawha Sprmgs in Virginia, in 1835. In all these places deep 
borings are necessary, sometimes even as deep as 1000 feet : and usually the 
brine becomes stronger the deeper the excavation. Professor Becl^s Geologi- 
cal Report to the Assembk/ of New York^ 1838. See also Prof. W. B. Roger^s 
Report of the Geological Reconnaissance of the State of Virginia^ 1836. Dr. 
H'ddrethh first anntcal Geological Report to the Legidatwre of Ohio, 1898: 
Also his article on ike Geology of Ohio, Am. Jourruu Science, Vol. 29. Also 
Mr. Foster^ s Geological Report on Ohio, 1839: and Dr. Houghton^ s Report on 
the Geology of Michigan, 1838. 

Origin of Salt Springs. In many parts of Europe salt springs are ft^nnd 
rising directly from beds of rock salt ; so that their origin is certain : but as 
vet no deposits of rock salt have been discovered in this country east of the 
Rocky Mountains except in Virginia : and Mr. Eaton has suggested {Sur- 
vey of the Erie Canal Rocks, p. 110.) that the ingredients only ror the forma- 
tion of the salt exist in the salifinoui rock, a^ are made to combine by 
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eliemkal agencies, ao that the water percolating thronffh the strata would be- 
come impregnated. An English writer {Armala of Pkuosophy^ iS29y) supposes 
that the salt is intimately disseminated through the saliferousrock, having 
been left there by the ocean that deposited the strata. Most American ge- 
ologists, however, still maintain that our salt springs proceed from beds of 
TOCK salt, deposited so deep in the earth that they have not yet been dis- 
covered : and the &ot that the brine increases in strength by descending, 
gives strong support to this theory, which is confirmed by the discovery of 
rock salt in Virgmia. Prof. Bedcs Report^ 1838, p. 14. The springs in this 
country issue almost invariably from the Silurian rocks. 

'Gas Springs, 

Deser. Carbonic acid and carbureted hydrogen are the most 
abundant gases given off by springs. They sometimes escape 
from the soil around the springs, over a considerable extent of 
surface, and produce geological changes of some importance. 
Carbonic acid, for example; has the power of dissolving calca- 
reous rocks, and of rendering oxide of iron soluble in water. It 
contributes powerfully also, to the decomposition of those rocks 
that contain felspar. Carbureted hydrogen is sometimes pro- 
duced so abundantly from springs, that it is employed, as at 
Fredonia in New York, in supplying a village with gas lights. 
In almost all the States west of New England, this eas rises 
from springs in greater or less abundance, generally irom salt 
springs. 

Origin of these gases. Some of these gases, as carbonic acid, are given 
off most abundantly from springs in the vicinity of volcanos ; and in such a 
case there can be no question but they are produced hj decompositions from 
volcanic heat. When they proceed nrom thermal springs, there is a food 
deal of reason for believing thai internal heat may have produced them. 
But where they rise from sprinss of the common temperature, they must 
ffenerally be imputed to those chemical decompositions and recompositions 
wat often occur in the earth without an elevated temperature. Although 
carbureted hydrogen may sometimes proceed from beds of coal, it may also 
proceed from other forms of carbonaceous mattery as from bitumen dissemi- 
nated through the rocks. 

Glacio-Aqiieous Agency between the Tertiary and Historic Pe- 
riods : formerly called Diluvial Action, 

Rem. That remarkable deposit occurring between the tertiary and allu- 
vial formations has generally been suppos^ to be the result of powerful 
currents of water, although the hypotheses founded upon this principle have 
been exceedingly unlike m their features. In the first edition of this work, 
I expressed the opinion that no theory hitherto proposed to explain the 
origin of this deposit, was satisfactory ) and that the time had not yet come 
for a complete theory on the subject. But the glacier theory has 'recenUy 
been so ably elucidated by Agassiz, Buckland, Xyell, and others, that it 
ieemfl at least extremely probable, that all the phenomena of what has been 
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called dUiivial action, are the result of the joint agency of ice and water. 
This is what is meant hy the term, glacio-aqueous agency. In the sequel it 
will be fully explained. But in order to judge of the correctness of this Tienr, 
the facts respecting drift should be first presented. Its lithologieal charac- 
ters have been already given. The remainder of the subject will embrace, 
1. iU dispersion : 2. its effects upon the earth's surface : 3. the theory of its 
origin. i 

i 
I. Dispersion of Drift. i 

Descr. Drift is distinguished from tertiary deposits by three 
marks : 1. The tertiary strata were deposited in hmited troughs 
and basins, whereas drift is found over almost every part of 
the northern regions of the globe, and at almost every altitude 
attained by mountains : and it has, therefore, been the result 
of some very general cause. 2. Such are the situation of the 
principal part of drift, and its general unstratified character, 
that it comd not have been deposited in its present situation by 
water : and yet the sand and clay that constitute its upper por- 
tion, must have been deposited in quiet waters. 3. H&ift is al- 
most destitute of organic remains of animals and plants that 
lived during the time of its production, whereas the reverse is 
the case with the tertiary strata. The upper and regular layers 
of drift are almost entirely destitute of organic remains. 4. 
When the tertiary strata were deposited, the climate of northern 
countries was warmer than at present ; but during the forma- 
tion of drift, it was colder. 

Descr. Drift is distinguished from alluvial deposits: 1. By 
its occurrence in situations where no agency at present in action 
could have produced it. 2. By requiring if^not a different 
agency from any now in operation to produce drift, at least a 
greater intensity of action. 3. By the evidence of a great dif- 
ference of climate between the two periods. 

Descr. In the dispersion of drift we find the evidence of two 
distinct phases of action, which may however have been the re- 
sult of the same general cause, operating in different circum- 
stances. In the first case, the dnft has been carried outward 
from the summits and axes of particular mountains, and spread 
over the neighbouring plains. 

Exam. 1. The b^ example of this mode of dispersion exists in the Alps. 
The Bowlders there have usually been carried down the valleys, and they 
exist in the greatest abundance opposite the lower opening of those vallm; 
This shows that the valleys existed when the dispersion took place. Yet Klie 
de Beaumont seems to have shown that the Alps have experienced very 
great vertical movements since that period. 

Exam. 2. Several similar instances have recently been pointed out by Dr. 
Buckland and Mr. Lyell as existing among the mountains of Sc<^tUnd and 
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ttie north of England, whose details cannot here be given. Ptoceed^gi of 
ike Geol. Soc, Land. No, 72, Nov. and Dec. 1840. 

Exam. 3. Rozet describes the plain of Metidja, south of Algiers, as cov- 
ered in its northern parts by bowlders derived from a long chain of lulls run* 
ning along its northern border : while its southern part is strewed over by 
bowlders from the Atlas chain, which stretches along its southern border. 
TVaite Elementaire de Geaiogie^ p. 259. 

Descr. In the second case, the agency by which drift has 
been dispersed, has operated on a more extended scale, and 
driven it in a southerly direction over all the northern hemis- 
phere, often to a great distance. 

Proof. To begin with the American continent at the north- 
easterly point where observations to be depended upon have 
been made : we find that the bowlders spread over the southern 
part of Nova Scotia were derived, according to Sir Alexander 
Coke and Messrs. Jackson and Alger, from the ledges in the 
northern part of the province. Trans. Amer. Acad. Vol. 1. 
New Series, p. 302. Through the whole extent of Maine, the 
evidence is very striking of the southerly transport of the drift, 
the course being usually a few degrees^ast of south. And 
transported bowlders are even found towards the summit of 
Mount Katabdn, which is 5300 feet high. Dr. JacksorCs First 
and Second Reports on the Geology of Maine, 1837 and 1838. 
Also his Second Report on the Public Lands of Maine and Mas- 
sachusetts, p, 16. 

Descr. In Massachusetts, the direction, taken by the drift, 
as shown by a multitude of examples, varied from north and 
south to northwest and southeast ; the most usual course being 
a few degrees east of south. This course carried the current 
very obliquely across most of the precipitous ridges of moun- 
tains in the state ; nevertheless, the bowlders held on in the 
general direction with remarkable uniformity. The largest 
blocks usually lie nearest to the bed from which they were de- 
rived, and they continue to decrease in size and quantity, in a 
southeasterly direction, for the distance of several miles ; some- 
times as many as 60 or 60 ; and not unfrequently even 100 
miles, though usually the sea coast is reached short of that dis- 
tance. But oflten bowlders from the continent are common 
upon the islands many miles distant from the coast ; as on Nan- 
tucket, Martha's Vineyard, and Long Island. In the western 
part of Massachusetts the mountains are from 1000 to 3000 feet 
nigh : yet vast quantities of bowlders have been carried over 
these precipitous ridges, and both slopes are covered with them ; 
the largest being upon the northern side. Final report on the 
Geology of Massachusetts, p. 379 ; See also Plate 53 of that 
work; where the course of the drift is marked. Also American 
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Biblical Repository, Vol 10. p. 338. On Lonff Island the drift 
corresponds to the rocks on the continent : those of different 
kinds always lying south of the ledges from which they were 
derived. Prof. Mather's first annual Report on the first Geo- 
logical District of New York, p. 88. 1837. In the eastern part 
of N. York, the course was southeasterly ; as in the westem 
part of Massachusetts. But towards the western parts of the 
State, its general course appears sometimes to have been west 
of south. Mr, Halts second annual Report on the Fourth Geth 
logical District of New York, p. 308. In the southeasteify 
part of the state, bordering on Pennsylvania and New Jenej, 
its direction varied from south several degrees west, to eontn- 
east : and near the city of N. York the course was N. W. and 
S. £. American Journal of Science, Vol. 23. p. 243. And 
Vol. 16. p. 357. Also Prof Gale's Report for 1839 uf>on the 
Geology of the First District. In the fossiliferous region of 
western New York, and in the states south of the westem lakes, 
ereat numbers of bowlders of primitive rocks are strewed over 
the surface, signifietntly called lost rocks. These have been 
satisfactorily traced to the beds from which they were derived 
in the west part of Michigan and on the north side of the lakes 
in Upper Cfanada. See the papers of the Messrs. ha/pkam in 
Vol. 22, and of Dr. Hildreth in Vol. 29 of American Journal 
of Science. Also the Geological Reports on the state of Ohio 
o.nd Michigan. Similar evidence of a southeasterly drift exists 
in Virginia. Prof W. Rogers' s Report on the Geological Re- 
conjioissance of the State of Virginia, p. 16. According to Dr. 
Drake, primitive pebbles occur on the right bank of the Missis- 
sippi as far south as Natchez. American Journal of Science, 
Vol. 22, p, 209. 

Descr. According to Mr. Catlin, (American Jour, of Science, 
Vol. 38, ;?. 143.) vast quantities of bowlders of primary rocks 
^' are strewed over the great valley of the Missouri and Missis- 
sippi, from the Yellow stone almost to the Gulf of Mexico," 
which have been drifted thither from the northwest. At the 
Red Pipe Stone quarry on the Coteau des Prairies, which is 
several hundred miles west of Lake Superior, he describes five 
granite bowlders, from 15 to 25 feet in diameter, which he sup- 
poses must have been drifted several hundred miles from the 
north. 

Descr* The distance to which bowlders have been driven 
southeasterly from their native beds in our country, has not 
been very satisfactorily determined. In New England they 
have been traced rarely more than 100 to 200 miles : But in 
the western states they are strewed over a greater distance. I 
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tm informed by the gentleman engaged in the geological sur- 
ireys of those states, that primary bowlders are rarely found 
south of the river Ohio; but they are strewed over almost 
every part of Ohio and Michigan. Now the primary rocks 
from which they have been derived, are found on the north side 
of the great lsKe». This would make their longest transit be- 
tween 400 and 600 miles. 

JRem. It may possibly be found that some examples of the dispersion of 
drift in our country have been down the slopes of particular mountains, or 
that the general coarse has been greatly deflected by the pecvliar features of 
the surfece. But this would not destroy the evidence, which is almost every^ 
where so abundant, of a very wide and powerful force from the north over 
this continent. 

Descr. On the eastern continent the evidences of a southerly 
direction of the force seems to be decided : although from some 
of the highest mountains it was outward from tne axis. la 
Great Britain the general course w.as a little east of south, modi- 
fied, however, and sometimes very much changed, by the shape 
of the mountains ; some of wjiich, as the Penme chain, appear 
not to have been passed over by the bowlders, except at tneir 
lowest points. In the east part of England, the drift appears 
to have been derived from Scotland, and also from Norway. 
De La BeMs Manual j v. 189. Phillips^ s Geology^ p. 208. 
Also his Treatise on GSlogy ; Vol. 1. p, 274. On the con- 
tinent of Europe, the Netherlands, Denmark, the plains of the 
north of Germany, of Poland, and Russia, are strewed over with 
bowlders and pebbles, which can be traced to the parent rocks 
in Sweden, Lapland, and Finland ; in which countries they are 
yet more numerous upon the surface. In most cases these 
bowlders must have crossed the Baltic. In Sweden the current 
appears to have tiret S. S. W. The blocks decrease in size on 
going south, and finally at a great distance (more than 400 
miles, GreenouglH s Geology^ p. 138.) they disappear. Tableau 
des Terrains par AL Brongniart, p, 77. Traite Elementaire 
de Geologie par M. Rozet^ Tomey 1. p. 270. De La Beckys 
Manual^ p, 189. 

Descr. An interesting example of the dispersion of bowlders 
in a southerly direction in Northern Syria, is given by Mr. 
Beadle, American Missionary in that country. On the coast, 60 
or 70 miles north of Beyroot, he " reached a volcanic region with 
a remarkable locality of greenstone. The pebbles from this lo- 
cality are scattered the whole distance io Beyroot. At that 
place they are quite small, but gradually increase in size as you 
advance to the north, and terminate entirely in this locality." 
Missionary Herald for May 1841, p. 206. This is an important 

17 
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fact : because it proves the oecnnence of elacio-aqoeoas aetioft 
on the Asiatic continent much farther south (about 32^ N. ]aL) 
than had been before pointed out ; unless it be upon the Him:* 
alayah Mountains. 

Descr. According to Mr. Darwin, the equatorial regions of 
South America exhibit but few marks of glacio-aqueous actioii, 
or rather they are destitute of bowlders. But beyond 41^ Soutk 
latitude, they appear in Chili and Patagonia. Hence some 
geologists (Lyell and Darwin, see LyeWs Elements^) infer that 
the phenomena of drift are limited to the colder regions of the 
globe. But De La Beche describes drift as abundant in Jamaica 
in the West Indies ; especially on the plain around Kingston; 
and says that it appears to have been brought from the north. 
Geological Trans. Second Series, Vol. 7. p. 182. A similar 
statement was made to me by the late Prof Hovey, who resided 
two years in the West Indies. Prof Struder states that in the 
hill country at the foot of the Himalayah mountains in India, 
erratic bowlders occur. American Journal of Science, VoL 3d 
p, 330. We have also seen above, that similar phenomena oc* 
cur in Africa, near Mount Atlas, in N. latitude about 32^ : 
Probably therefore, the warmer regions of the globe have not 
yet been examined extensively enough to determine how near 
the equator it occurs. ^ 

2. Effects of Glacio-aqueous Action upon the Earth! s Surface. 

Descr, The crests and steep sides of high mountains and 
alluvial plains are nearly all the parts of the northern hemis- 
phere not covered with a coat of bowlders, gravel, and sand ; 
whoso thickness varies from a few inches, to 100 or 200 feet. 
Scarcely any mountains, indeed, except perhaps the Pyrenees, 
the Appenines, the Carpathians and the mountains of Bohemia 
^Traife de Geologic par M, Rozet, p. 272, Tome 1.) are wanting 
m drift ; and sometimes very large blocks are poised upon their ' 
summits. ^ 

' Ancitnt Moraines* [ 

Descr. The most abundant accumulations of drift are found 
in hilly regions, chiefly, however, in the valleys, and especially 
near gorges and defiles. This detritus in such places usually 
consists of rounded bowlders, pebbles, and sand, and even mud, 
piled up in ridges, straight, curved, and tortuous, and some- 
times in regular tumuli. These correspond almost precisely to 
the moraines of the Alps, except that they are often on a much 
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biger acak and moie altered ia slbape by subsequent alluTisl 
tgenctes. 

Rem. In tbiB work the tenn momtne includea thou keemnnUtioiiiDf de- 
llitiu raoduced b; thi gnXmg of iceberg* along the bottom of on ocean, or 
■n; body of wstei, u well u thon filmed bj common glaciers. 

, Situ. Pro£ AgMMii, Dr. BnckUnd and Mr. Ljell, have receiilt; pointed 
out nnmeroiie eiamplca i^ ancient moraines and correapondent atiue npon 
ttisrockijin ScotluHluidlheNoithof Eueland; andgince thejaieranuliBr 
with the morainea of existing glaciers in Uie Alpa, ne can hardly enppoae ' 
them roietaken respecting those in Great BritatD. Procttd. Oeei. Sac. Limd. 
Ke. 73.— 1840— 18«. 

ISas. In Nen England these accnmnlalioiu are *eiy codudod, and 
■ometimes they tie so crowded lugelhei as to exhibit a jnctareeqne ap- 
peVBiUM, bMDg made Dp of ttotnoaB and conical eleTitioiu with daep 
mterTaning oanlies, as if scooped out by the handi of a- Titan. The moat 

' remarkable examples that I have ever seen, are in the vicinity of Plymouth 
in Maiaachnsetta, and near the eitiemity of Cape Cod in Truro, nhera 
(hey are Mim^mea 000 or 300 feet hig^. In Traro they are compoaed 
wfiMj of land, and they ^ve a sinenlar aipecl to the landscape. I^. 99, 
repreaents a smaU portion of the sumcp near what is called the Haiboitr in 
Tmro. 



Fig. 99. 




Deter. In Plymouth and Barnstable counties these n 
are distant from 50 to 100 miles from any mountains much 
more elevated than themselves. 

Pig. 100, exhibits a similar group of moraines, Ihongh much less ele- 
Tated, in the east part of Amlurst, about two miles fiuD the Colle^ 




Karances exist ui centnl Ana, especiallj ii 
>[a him after he had pawed mnnigh thai 



coQDlry, he Bayii, (hat tx 



many sections of diluvium maeh like the en . 
Being now (March 1843,) on a visit to this country, he infornn me, oath* 
authority of Rev. Mr. Jabnwin, American Missionary at Trelirond, oaUw 
Blaclf Sea, Ihst such moraines are common in CiJicia m Ana SdiDor. 

Rem. I, In the above cases we may be sure that thete i—r au i M ramiin 
alroosl exactly as they wneleft bylbeice: tot it Tt impaasiUe Uut nala 
could have sHbaequenfly sjteied their form essentially: tbr the cavities be- 
tween tha elevations are not valleys, through which water nuty have Bowed, 
but irregular depressions. 

Descr. In the tvro Mowing csseethe Nvnd-topped tqmnli of m*el may 
be only the remnants of a former laleni moraine, iolersected VJ ttrewn* 
from the mountain. Fig. lOt, shows a tow of tumuli, some of them 100 
feet high, a little south 3 the village of North Adams in AT ' 
the foot of HoosBc MountaiB. 
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Ilivs. A limilai gnmp of morunea, bat ten conicBl, in BhoVn on fig. 
103, u the]' appear at the east put of Maanmeiit MouotuD, in Beikahne 
County, Musachuaetti, 




Bern. t. In tbeBit^ealRefeucbesofRotnnBonuid Smith, tumuliiimilaT 
to the above are desciibed as existing neai JericbiF, on the ireat side of the 
rivei Joidui, not far ftom its mouth. I requ«Bted Di. Robinson, on a, ic- 
cnnt Tisitto Amberet, to go to the spot in that town repreaented oo Fig. 100; 
and he answers me that the malerialg are the Bame in the tumoU near Jeri- 
cho as in the moraineg in Ambent ; but tbal the former are insulated and 
conical. Raeardies, Vol. 2. p. 284, 297, 298. 

Hem, 3. I ilo not lind an; description of euch moraines as are Heated 
above in Agauiz'a work on the Glaciers of the Alps. But Dr. Buckland 
■ays that they occur there, and there can be no doubt but what he describes 
aj ancient moraines in Scotland, are identical with those sccumulationa of 
gravel in this coontry thus denominated above. Indeed, it is impossible lo 
etplain their existence by the action of currents of waleF alone ; and ico is 
the only other known agent that could produce them. 

Descr. Sometimes these moraines constittite ridges of con- 
uderable height, which extend a long distance nith steep sides. 
The most Temarkable esamples which I have met with, occur 
about one mile west of the Theological Seminary in Andover, 
Mass. In company with Rev. Alonzo Gray of the Teacher's 
Seminary in that place, I recently (April, 1842.) traced one of 
these, called the bidian Ridge, nearly two miles. It is con- 
siderably tortuous, and in some places is interrupted for several 
lods. Mr. Gray informs me that he has found other ridges 
parallel to this. One exists, also, near the village of South 
Reding, ten miles from Boston. But an accurate description 
of these most interesting examples cannot be given in this place. 

Deser, When moraines have been cut through and worn 
down by the action of streams of water, the detritus becomes 
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note or leas Btiatified by the sorting of tlie materials. Bucb 
BccumulatioDa ue called tbe detrittis of moraina, and they an 
Dot uncomiDon in this country. 

Illiii. Hg. lOO, ihow^ ■ cliir of this tort on Ihe banks of CoDnecbcot 
fiver near Cobb'i bnj in HooUgue, in HuMchiueUa, ftboat 4 rodi long and 
90 reel bish. l4ot odIt btkve ire liere itntifiutioii, but that oUiqae lamiuk- 
tion nhich ii the malt of depoMtiou from water upon a atocft dcpa. The 
aod and sravd. 

Fig. 103. 




and olthuuirli moat of the cliff ia gn*d, aauil, and cauaa bawldera, jet in 
the nidM are depuaits of fine blue day. SomeputortheeraTHiaalM) Mrali- 
lied, wiLh a dip of 3S°. I auapect that in thii caM Hie hUl waa aMved bj a 
mau of ico aftei lbs clay wu oepoailed. 




Inf. There is reason to suspect that some of those monnds 
n our Western States that have heen regarded as the work of 
nan, are conical moraines, or the detritus of moraines. We 
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liaTe.teBtimony that they are sometiues stntified, and that they 
«ie too large and numaroua to be all artificial, although artificial 
monnda do uodoubtedlj exut there. Illinois Magazine, Vol. 
2. p. 252. Am. Jour. Sei. Vol. 34. p. 98. 

DescT. Freqaently the stuface is'almost entirely covered for 
niaiiy sqnare mOea with large transported blocks of stone, which 
an hat little rounded. These were most probaUy transported 
on icebergs. 

JSvt. One cui bitrdlj paw over uty of the hilly puti of New Engltod 
inthoat meeting widi more at ks* of tbew bknk*. Perbaia the irat 
put of Cepa Add in.MusachiiMUs, eihibita them in M great kbnnduiM 
MBnypUce. Pig, 106, will give lome idea of k ' ' " 



Pig. 105. 




Deter. The size of single bowlders ia somstines enormons. 
The block out of which was hewn a pedestal for the statue of 
Peter the Great, weighed 1500 tona. The Needle Mountain in 
Dauphiny, ssid to be a bowlder, is 1000 paces in circumference 
at the bottom, and 2000 at the top. Near Neufchatel is a block 
of granite 40 feet high, 50 feet long, and 20 broad, which weighs 
3.SOO.O0O pounds. Tbe block cafled Pierre a Martin, contains 
10.296 cubic feet. Greeifough's Geology, p. 131. The rock 
in Horeb, fiom which according to monkish tradition, Moses 
miraculously drew water, is a block of granite, 6 yards square, 
and contsiuH SB23 cubic feet, lying in the plain near Mount 
Sinai, from which it was probably detached. This however 
has not probably been remored except by gravity. Greenough, 
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p. 127. In this country bowlders occur of equal dimensions. 
Thus, on Cape Ann and its vicinity, I have not unfrequently 
met with blocks of syenite not less than 30 feet in diameter ; 
and in the southeast part of Bradford, I noticed one 30 feet 
square ; which contains 27.000 cubic feet, and weighs not less 
than 2310 tons. In the west part of Sandwich on Cape Cod, 
I have seen many bowlders of granitic eneiss, 20 feet in diame- 
ter, which contain 8.000 cubic feet and weigh as much as 680 
tons. Two graywacke bowlders of the same size lie a few rods 
distant from the meeting house in Norton, in Dr. Bates's ear- 
den. A granite bowlder of equal dimensions lies about haff a 
mile southeast of the meeting house in Warwick ; and one of 
similar dimensions lies on the western slope of Hoosac mountain 
in the northeast part of Adams, at least 1000 feet above the 
valley over whicn it must have been transported. One of 
granite lies at the foot of the cliffs at Gay Head on Martha^ 
Vineyard, which is 90 feet in circumference and weighs 1447 
tons. In Winchester, New Hampshire, I recently met with a 
block of granite 96 feet in circumference. It is near the road 
leading to Richmond. I noticed another in Antrim in that state 
150 feet in horizontal circumference. Finally, at Fall River is 
a bowlder of conglomerate, which originally weighed 5400 tons 
or 10.800.000 pounds. 

Descr. Glacio-aqueous action appears to have destroyed 
numerous species of animals that inhabited the northern regions' 
of the globe at the time of its occurrence. 

Procf. In accumulations of drift in the northern hemigphere, have 
been found the bones of several species of mastodon, hippopotamus, 
rhinoceros, bear, as well as the mammoth or elephant, megathariom, 
megalonyx, hysena, deer, dinotherium, horse, ox, &c. animals of whose 
existence since that event we have no evidence. Not Iej9S than 100 
species have already been found in drift, although not more than half are 
extinct. 

Inf. A sudden fall of temperature took place in the northern 

hemisphere at the period of glacial action. 

Proof. The animals whose remains are found in. drift are mostly such 
as live in tropical climates; which shows that a higher temperature than 
now exists in these countries, prevailed at the commencement of glacial 
action. And that the change was sudden, appears from the occurrence 
of elephants and rhinoceros undecayed in the frozen mud of Siberia : for 
they must have been encased suddenly in ico to prevent theur putre&o- 
tion. 

Smoothed, Striated, and Furrowed Rocks in Place. 

Descr. One of the most remarkable effects of glacial action, 
is the smoothing, rounding, scratching and furrowing of the 
surface of rocks m place. 
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iZem. 1. AltHoogli tliui is a very common phenomena, especially in IIm 
United States, - yet until within a few years, scarcely any example had 
been pointed out by geologists: a proof of the little careful attention toot had 
been given' to the phenomena of driA. The following examples are only 
a selected few, out of the multitudes whieh have been observed in tlids 
country. 

Bern, 3. Care must be taken by the observer, not to confeiwd these 

ftirrows and strisB with these grooves en the surface of rocks produced 

in the direction of the cleavage planes, or the planes of stratification^ 

I by the unequal disentegration of the harder and sofler parts ; nor with i 

! the furrows between the veins of segregation, produced in the same man- 

I ner : nor with ripple marks. In fine, it is best not to consider any ease as 

of decided glacial origin, unless the grooves cross the planes of cleavage 

and stratification at a considerable angle. Such are all the cases mentioned 

below. 

Exam, In the state of Maine is a good deal of slaty rock, often stand- 
ing upon its edffes, that admirably resists atmospheric agencies : and hence 
it presents a multitude of examples of well marked stris. Around the dty 
of Fortland, they are very abundant and very distinct; having a direction 
N. 10° to l&^lf. and S. 10^ to 15^ E. Farther east as at Hope and Ap- 

Sleton, they run nearly N.W, and S JL and some of them are a foot m 
epth, and six inches wide. First Report on the Geology of Mairie^ p. 57. In 
otner parts of the State, the direction is nearly north and south,- or even in- • 
dining a few degrees to the N.E. and S.W. Second Report on the Geology 
of MadnCf p. 91. In the eastern part of Massachusetts and Rhode Island, I 
might name fifty places where the stria are obvious and distant. In Essex 
County, Mass. they are very frequent on the hard syenite rocks : though oflen 
these are merely smoothed, and sometimes almost polished. They are visible 
on the gneiss at the top of the Wachusett mountain, the highest in the 
eastern part of Massachussetts ; being 2000 feet above the ocean. The pre- 
cipitous hills and the bwer grounds of the valley of Connecticut river, are 
covered with them ; and here as weH as in nearly all the eastern part of the 
flCate, their direction is nearly north and south, usually however inclining a 
few degrees to Uie East of South, and West of North, and very rarely tne 
other way. The high mountains west of Connecticut river, embracing the 
Hooeac and Taconic ranges, some pmnts of which rise 3500 feet above the 
ocean, exhibit very numerous examples of the smoething and furrowing 
effect of this supposed glacial au|;ency. Graylock, the highest point in Massa- 
chusetts, is so covered with soiland trees, that the rocks are very rarely se^i : 
but on that spur of the mountain ealled Bald Mountain, whose top is a few 
hundred feet below Graylock, the scratches are obvious, as they are also on 
6ie northeast side of the mountain. The high conical mountain in the town 
of Mount Washington, (called Mt. Everett,) which is 2600 feet above the 
ocean, has been worn over its whole surfiuse, and the stris are still visible in 
many places ; although the rock has been so long exposed naked to atmos- 
phenc decomposing agencies. Similar maikings are manifest on the top of 
Tom Ball, a hfe^h mountain in Alford, and they may be seen throughout the 
whole extent of the Tacenic range, which on its west side is very precijpitous. 
A large proportion of these grooves run N.W. and S.E. but some ox them 
approach nearer to a coincidence with the meridian. The rock is mica and 
talcose slate, and in some instances is laid bare for a great distance, so as to 
show the smoothing and furrowing of its surface over a large extent. In- 
deed, one cannot stand upon these lofty and precipitous ridges, and witness 
this phenomenon, without being struck vnth the great power and extent of 
the agency that has tiius left its traces upon some of the most elevated spots 
in NTEngland.— Between thoM mountains and Hudson river the graywacke "* 
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ii crowad bv mukinn mnniDg N. AV. ud S. E. Neu the tHj of New 
York, ■eeoTding to Prof Oale, thej run in the ume directuui. Id tha 

— rtDTNew York, they ate nmnBrons, and thej n." *= ° 



S. W. aod N. N. E. They »re common slio, opon the 

Peniuylvuiu. ; and lian in Ohio, Mii^igan snd lUinwa, where thor hkm) 
nius! course ia from N. W. to S. E. 

The hud grar limestone in the vicini^ of Rochnter end BnlTelo in New 
York, and oa the buika of the St. I^wtence, aa well u in Ohio, ia often l 
amoothed uid poliahed by Ihia agencT almost tike mulile. Am. Jow. < 
Sdena, VA. TOiXVll, p. 24a a,nd VA. XXXV, p. 191. Abe Beperts im 

HiBinhire, 3250 feet high, is little elae thw_ 
.... ■ peculiar ehaiular, almoM destitute of strati- 

fication. And &Dm top to bottom it hu been sc&iified on its noitliem and 
Western aidea. On its lower parts, espedally on the aouthweat side, the 
atris run about N. W. and S. E. by the ma);netic needle ; as th^ do in tha 
country around the mountain ; but wheo we approach its top, the coone 
changes to N. 1(F W. and 8. ID" E. Other stris are seen here on iteepti 
■lopea, both northern and southern, than I have Ibund dsewhere. Deep 
flurows are also met with here, and some other peculiar phenomena con- 
nectL-d with glacial acfionjwhich will be described fiirther on. 

In a recent TJiit to Ihe White Moontains of New Himpafaire, I ttare dis- 
covered an eiample of strisi with other g1 ado-aqueous phenomena, at tha 
height of neaily 5000 feet above (he ocean, on the southern slope of Mount 
Pleasant, nearly at the highest pointy indeed, where there is any rocka in 
^Bce ; all the peaks being broken into a nmltitude of IriffiineiilB by ftcit 
These strin run N. 30° W. and S. 30° E. 

Fig. 106, win eonrev some idea of a aur&ce of rock whidi has been 
amoothed and striated in the manner that has been described. The liliM 
tunnuig in the direction a a, show ttie dinsions of the strata ; those lun- 
Ding in the direction b b, show the stris, which are perfectlr parallel to one 
another. This figure was copied from a rock of rneiss in Billerica in Maasa- 
chuselts, on the turnpike htna Boston to LoweU, near the aixteenth mile- 
stone from Boston. Thousands of aimSai ezami^ea may be aecB ht New 



Fig. 106. 




DtacT. Sometimes we find two or more Bets of stiuee 
one another at a smalt angle, the lines of eacli aet pieaeiving 
theii paiallelism rery peifeetly. Fig. 107, ahowa one of theaa 
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r tlie ciest of Monadooc, severel 
Tlie two sets intersect at an 
angle of 1 0°. An interesting exain{^e is also described by Prof, 
Locke, witK a drawing as occurring in the S. W. pait of Obio, 
where the strife was 3,26° E. and N. 26° W. SecoTid Report 
on the Geology of Ohio, p. 230. 

Dtscr. On the ewtern continent these stiite and furrowi appear to be 
leai common (ban in thia countr; ; for notwitbatuiijing tbe great ability and 
lea] liiipiayed by European geoJogiets, only a %w eaaes aimcb muiinge 
haTe yet been recaiJed. la ScetJand however, they Were qoticed long um 
by Sir Jamef Hall, on greenstone and other rocks, haling ■ direction N. W. 
■ndS. E. A similar case is mentioned in North WalfB, and b the Brora 
coal region of Scollan J, where they nin N. N. W. and S. S. E. Dr. Buck- 
land bu recently painted out several examples in that country, nhich be 
supposes resulted from the descent of aneient glaciers from the mountain*. 
That general course is N. N. E. and S. S. W. " Monsieur Se&trom," says 
the distinguished Beixeliua, "baa found that the northeaet parts of the moun- 
tains of Sweden, are, throughout rcrDnded and worn from tho base to the 
Bummit, so as to resemble at a dietanco, sacks of wool [nled upon each other. 
The Eouthweet sides of these mountains present almost fresh fractures of the 
rocka with their angles rounded little or none." Still further east in Northern 
Kussia, the stris have a direction N. W. and S. E. or N. N. W. and S. 8. E. 
eorregpouding to the course taken bj the bowlders ; and in one instance Iheae 
bowlders have been traced to their native bed 600 miles distant, MuriAU/nt 
and Vemmil on Vie Geological SlTvctnm of IM NorUiera and CerUral Rigimt 
of Rtasia in EuTcpe, p. 13. L<md. 1841, 

Fig, 107. 
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Und shows that their northem mud northweitmi sdei, like tliow 
in Sweden, are worn and rounded thronehont. An interesting 
example is Monadnoc in New Hampshire ; which is the mme 
striking, bteanse it is mostlv naked rock. The surface of the 
mountain is yery uneven ; but the protuberances are neadj all 
rounded, and few are left angular, except on the south eastern 
tide. The axis of the intervening hollows usuallj conesponds 
nearly to the direction of the stris ; so that the surface iqjpears 
like the swell of the *bcean after a storm. Seen in a certain 
direction these sweUs appear like domes. Fig. 108, will give 
some idea of a spot on tne southwest part or this moontain, 
about 5 rods square. So far as I can judge from the descrip- 
tions and drawings of Agassis, this appearance corresponds pre- 
cisely with that in the Alps denominated by Sanssoie, neku 
moutonnecs, produced hj glaciers. 
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Fig. 108. 
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Dest. Tbe ■ummil of Mount Holjoke in MaBsachueelta, nhidi hu 
been vary much abraded by Ibe agency under coniideratian, lometiroefl prfr 
■ents insulated hummocka of greenBtone, r*iBmblmg tha "a&cka of wool" 
deacribed by Se&troom, uiebown iu Fig. 110. 



Fig. 110. 




Deser, Sometimes instead of atris, we find the summit o 
mountain ploughed into deep furrows, which enlarge so as 
form deep paTallel valley s. 

Exam. The mott remarkable eiafople of this kind that I know ol 
th^ aammit of Mount Holyoke, tDentioned aboTe. This is a narrow Vi 
precipitoua ridge at greenstone, rising 700 or 800 feet above the valley 
tbe Connecticut, and tying in the cucvilinear direction ihown on Fig. I 
where the line 14 S, represents the meridian, and corresponds to Ihc dii 
tkui Ukcn there by Ibe dritl, which struck the mountain from the noi 
On (hat side tbe mountain is a nearly perpendicular wall of rock. Yel 
BUDunit is inlersecled by numerous grtMives and valleys in the direction 
the lines A, A, A, A, M S, from a few inches to scver&l hundred feet d( 
And nol only do we see the marks of abrasion in the bottoms and on i 
rides of these valleys, but the fact that they preserve Iheir parallelism so { 
feclly. although the mountain carves so much, shows thai they were \ 
duced by some abrading agency rather than by the origins! structure or i 
vition of the mountain. For bad they resulted from the latter causes, 
might expect them to change their course to tbe lines B, B, B, as the m 
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Fig. 111. 




Inf. 1. Tiese furrows and valleys must be imputed to the 
joint action of ice and water. If water alone were concerned, 
the valleys could not have so nearly preserved their parallelism. 
Indeed, unless the large valley around the mountain had been 
filled with ice, it is difficult to see how streams of water could 
have flowed over its summit so as to produce these valleys. Ice 
alone, moving over the top, might nave begun the work, (and 
this would explain the parallelism of the valleys,) but could not 
have made so deep erosions without wearing down the inter- 
vening ridges. Moreover, these furrows and valleys correspond 
well to the joint action of glaciers and water in the Alps, and 
there they are called lapiaz or lapiz. See Etudes Sur lei 
Glaciers. 

Inf. 2. It appears that in all cases the striae, furrows and 
valleys, that have been described upon the surface of rocks, cor- 
respond in direction to the course taken by the drift, and thus 
the two classes of phenomena are proved to have resulted from 
the same general cause. i 

Descr, The stri» are rarely met with on pure limestone,! 
on account of its great liability to disintegration. Most of the 
coarse granites and conglomerates, as well as gneiss, are so 
much decomposed at the surface, as to have lost all traces of 
these markings. Greenstone, syenite, and porphyry, are fre- 
quently rounded and smoothed ; but the markings are usually 
faint on account of their great hardness. Upon the whole, the 
upturned and smoothed ledges of talcose, micaceous, and ar- 
gillaceous slates, retain these markings most distinctly. But 
where the soil has been removed, almost every rock presents 
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tkem to view. And were the rocks of N. England to be en- 
tirely laid bare, I cannot doubt but a third of the surface would 
show marks of this scarification. 

Transport of Drift from Lower to Higher Levels, 

Prin. In some instances the drift has been transported from 
lower to higher levels. 

Proof 1. On the northern slopes of mountains the stris not un fre- 
quently pass from the top to the bottom without essentially chanjfing their 
parallelism. This is the case on Mount Monadnoc in New Hampshire, 
where the smoothed and striated surface is sometimes inclined northerly as 
much as 50^ or 60^. In this case the angular rocks are rounded on the 
northern but not on the southern slope, except slightly ; and this shows that 
the work was done by an ascending and not a descending body. Near the 
summit of that mountain, however, striee are seen on quite steep southerly 
slopes. But this is an unusual case. On the west side of Taconic and 
Hoosac mountains in Massachusetts, the strisB may be seen sometimes, com- 
mencing several hundred feet below the top: and all the drifl in that region 
has been carried southeasterly ; which proves the force producing the abra- 
sion to have been upwards. JFKnal Report on the Geology of Mdssacku-sctts^ 
Vol. 2, p. 393. A similar case occurs in Russia. Murchison and VemeuU 
on the Geol. of Rtissia, p. 12. 2. Bowlders are found transferred from a 
lower to a higher level. For example : the quartz rock of Berkshire county 
has been strewed all over the top of Hoosac mountain, which must be ait 
least several hundred feet above any ledge of quartz, from which the bowl- 
ders could have been derived : and the Silurian rocks of New York have 
been carried over Taconic mountain and lodged upon the Highlands in New 
York, as well as upon Hoosac mountain. 

Lakes produced by Moraines. 

Descr. ' The great accumulation of drift which took place 
near the gorgesof valleys, produced extensive lakes, which were 
filled with water upon the melting of the ice, and in whose bot- 
toms thick deposits of clay and sand were frequently made above 
the body of the drift, while the waters were gradually wearing 
away passages through the detritus. 

Proof. In all valleys of considerable size in the northern parts of the 
United States, such as those' of the Hudson, the Connecticut, the Penob- 
scot, &c., we find such deposit of clay above the drift ; and above the clay 
more or less of sand. These deposits must have been made in quiet 
waters, either during the glacial or the alluvial period ; and the fact 
that scarcely no organic remains are found in them except a few shells of 
a highly arctic chiu'acter, makes it extremely probable that it took place 
during the glacial period. Similar deposits occur in the valley of the 
Rhine, which are there called loess^ and are from 100 to 200 feet thick. 
IjyeWs Prin. Chology^ Vol. 3. p. 289. In the county of Suffolk, Eng- 
land, a deposit of similar clay exists, according to Kev. W. B. Clark, 
sometimes 400 feet thick. Proceed. London Geolog. Society^ No. 50, p, 
532. 

Inf. We see why there is such an insensible passage from 
glacio-aqueous into alluvial deposits. For the drainage of the 

18* 
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lakes produced hj the moraines, has been going gradually oa 
from the time when the waters first made a breach through the 
drift to the present. It is diiHcult, therefore, to say precisely 
where the glacial period teTminated and the alluvial conunenced, 
unless we fix it at the time when the present races of oiganie 
beings were created. 

> Inf. 2. We see the origin of the numerous small ponds that 
exist in regions abounding in moraines, as in Plymouth and 
Barnstable counties in Massachusetts. They occupy tho de- 
piessions left between successive moraines. 

Ledges of Rocks fraclured by Glacial Action. 

Dcsci. In two inatuicGB I have fooQd the perpendjculsr itrete of alit; 
inJ pat(ial]y knocked over, neu the Bununit of hilla, (u the 
15 feot, ■□ u to DToduce horizontal fiasures of HVeral mchei 
innot iloubt but Incj bib the reautt of gUcial agency, fig. 
112, will give m iclci of one of tbera cues, in a quany of clay elate, ut 
GuiJforJ, Vt. In this instance the force which Ihiu cruihed the topot 
Ireslern elope of the hill, must have been directed towards the wcsL Tba 
other CDse is in Middlefield, in Maaaichusetts, in hornblende elate, and 
the spot is covered by SO feet of drift. fHnai Report oa tie Geal. Mass, p. 
396, Vol, 2. It was brought to light by an excavation for tlM watent 
tailroaJ. I presume similar caaei may be commoo, but they have not been 
elsenliere. The force to produce such on effect must haie been 
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dearies of Drift 

Prin. Any thddry of drift to be satisfactory, must explain 
the four following varieties of the phenomena: 1. Erratic 
Bowlders: 2. Common Drift: 3. Striae, Furrows and Valleys t 
4. Moraines. Some theories might satisfactoiUy e:in^ain pai<^ 
ticular phases of the phenomena, but fail in their application to 
the entire groups 

Descr^ In no part of geology ha^e opinions been so misettled and change 
Ing, as in respect to the origin ttf drift and its attendant ^^enometia. Until 
recently) poweriiil currents of water have been regarded as the sole agent 
toncerHedt To account for their currents, it Was a fiiyorite theoiy with 
many, that a comet once imjpinged against the earth. Ckoiogie Poyulaire^ 
par N. Boubee^ p. 46. Pans^ 1833. But since it has been ascertained that 
comets have " no more sotidity or coherence than a cloud of dust, or a wreath 
of smoke, throuffh whidi the star* are visible, with no perceptible diminu« 
tion of their brigntneM/' it is no longer necessary to give a formal refutation 
of this hjrpothesis. WheweWs BridgewtUer T^reaH&e^ p. 152, 163, first AmerU 
can Edition. Another theory, very widely adopted, imputed these effects to . 
the deluge of Noah. But it is now almost universally abandoned by geolo^ 
gists, because the remains of man have not been found in. drift: because 
most of the animals found in it belong to extinct species : because the period 
occupied by the Noachian dehi^^ was mtich too short; and because Uie phe- 
nomena cannot be explained by water alone. Alike inadequate is the hy» 
Iwthesis which imputes these phenomena to the sudden elevation of conti* 
nents, or mountains, from the bottom of the ocean ; Whereby powerful wavei 
rushed av^ay from their axes ; and this finds now probably no supporters ) 
although such vertical movements may have modified the phenomena in par^ 
ticular regions. In short, every theory which imputes these effects to currents 
of water alone, has been abuidoned by gedogists ; and they now almost 
universally refer them to the conjoint action of water and ice» Three varie* . 
ties of opinion as to the origin and mode of (Operation of these agents, exist 
imong eminent geologists. The tv7o first or these theories may be called 
the Iceberg 7%etfriest and the last, the CRacitr THeorifi 

First Theory. 

Descr. This theory imputes most of the phenomena of drift 

to icebergs, carried southerly by the currents of the ocean, while 

the continents, where drift occurs, were, yet beneath the ocean. 

As they were gradually raised from the deep, the mountains^ 

which would form islands, woukl send down glaciers to their 

shores, and thus masses of ice would be broken off to be floated 

away, loaded with (l^tritus. In many places lar^ bodies of 

water would remain after the ocean had retired, in which de* 

posits of clay and sand would take place. LyetHs Elements 

Geol. VoU 1. Chap, X, and XL 

Proof 1. In high northern and southern latitudes, the process which this 
theory assumes is £dly going on. Icebergs frequently transport towards the 
equator blocks of great si2e, which are dropped upon the bottom of the 
ocean. Scoresby saw upon several icebergs m 70° N. latitude, masses of 
earth and rock weighing firom 50.000 to 100.000 tons : and a depont of ^~^ 
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is now actoany accomiilatuii^ in the southern hemisphere, i» latitodes no 
higher than Northern Italy, SwitzerUnd, and England. Ijifeffz EUmtnis 
GeoL Vol. 1. p. 23d and 257. -2. There ia evidence daily accnmolating of 
the existence of a much lower temperature in northern latitudes when the 
driA was depositing than is now found in the same latitudes, and, therefiircL 
glaciers miffht have existed in much lower latitudes than at present, and 
icebergs nuglit have been carried nearer to the equator than they now are, 
b^bre melting. 

Obj. 1. Tht uniform!^ of direction taken by drift oTer all the northeiB 
part of Europe and America, and the rare occurrence of centres of dispersion 
are explained with difficulty by this theoij. There has yet been discovered 
no mountain in North America from which detritus has been seattered od 
different sides ; and tht force was southeasterly^ over the top of the White 
Mountains, the highest point, with one exception, east of tke Mis t ii s ippL 
Nor haTe any such centres of dispersion heen jwinted out in the North ci 
Europe. But if this theory be true, it is difficult to conceive why such 
mountains as the Wldte Mountains, as they were raised firom the ocean, 
should not have proved centres of dispersion. 2. Several fittts, such as the 
transference of bowlders firom lower to higher levels, and the smoothing and 
furrovring of the northern slopes of mountains even when quite steep, a^ree 
better vrith the idea of the ocean's rising over the land than the land's rising 
from the ocean. 3. It is certain, that the relative levels of the earth's surface 
have not essentially changed since the depontion of drift : that is, the same 
mountains and valleys which exbted at that period exist now ; and, therefcMre, 
it our continents have experienced any vertical movements since, they must 
have been raised as a whole, by such an extremely slow movement as some 
regions are now experiencing. 4. But this would make the period of the 
formation of drift immensely remote : coeval indeed with the time when the 
hicrhest granite mountains of ncnrthem countries were beneath the ocean. 
Whereas we know that the drift period occurred after the deposition of the, 
most recent tertiary rocks. Now at that period we know that a large part 
of our continents, — all that was covered by rocks older than the tertiary, 
were above the waters. If we suppose these mountains to have sunk down 
again at the tertiary period, then tney must have been suddenly raised in 
order to have reached their present height so soon. But as just mentioned, 
the facts do not admit of such a sudden rising. 

Second Theory, 

Descr. This theory supposes the phenomena of drift^to have 
resulted from the rise of large areas oeneath the Arctic and An- 
tarctic oceans, whereby their waters have been driven southward, 
over a considerable part of Europe and America, bearing along 
masses of ice loaded with detritus. And further, that there may 
have been a succession of vertical movements, which produced 
successive waves; so that the waters may have repeatedly 
fallen and risen again, and while at their ebb, they may have 
been frozen to the surface, so that as they subsequently rose, 
vast masses of ice may have been driven along, loaded with de- 
tritus, which may have been forced up declivities considerably 
stoep, and thus the surface have been powerfully and rapidly 
abraded, and the rocks scoured and furrowed. De La Beches 
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Geological Manual, p. 172. Also his Theoretical Geology y p, 
319. Biblical Repository Vol li,p, 23. 

Proof 1. It is established, that in early times repeated vpheavings of the 
bottom of the ocean have taken place; and at the present aay, also, similtr 
elevations ocoar . (ex. gr. Hotham or Graham Island in the Mediterranean, 
in 1^1 : Sabrina, near the Azores, in 1811 ; and among the Aleutian Islands 
in 1814, an island, said to be 3000 feet mgh: — another in 1806, which is 
Permanent : and another in 1795. LyeWs Prin. Oeol. Vol. 3. p. 253, 366, 
318.) and in some instances, we are able to see the effects m the tremendoiHi 
waves that follow; as durinff the earthquake aft Lisbon in 1765. The force 
of such waves, as they veached the shore, and sucoessively rose higher and 
l^her, were a large area of the northern ocean to be suddenly upraised, can 
scarcely be estimated; loaded as they would be with ice; and it seems al- 
most the only conceivable agency by which large bowlders ooidd be forced 
up hiUs of considerable steepness, and deep grooves be formed on the north- 
em slopes of hiUs in Sweden and America. 2 In the latter ceunftvy cer- 
tainly, if not in the former, it seems scarcdy possible to doubt that the sur> 
&ce is essentially the same now as when this agency was exerted upon 
it ; except perhaps those few local minor and slow elevations and depres- 
sions of which probably every country furnishes some examples: and hence 
the source of this action must be sought out of the country. 3. We have 
evidence thai volcanic agency, whereby large areas may have been up- 
lifted, has been very active in high northern and southern latitudes. 4. 
This theory explains (he absence of animal and vegetable life, and the pre- 
sence of vaist masses of ice in comparatively low latitudes during the glacio- 
aqueous period. 

Obj. 1. It is difficult to conceive how these vortical movements around 
the poles, should have produced floods of such vast extent and magnitude, as 
to inundate with water and ice, certainly all the northern, and prooably also 
all the southern parts of the fflobe, as far at least as the 40th degree of lati- 
tude. 2. The action by which drift was accumulated, bowlders transported, 
and rocks furrowed, must have been long continued ; whereas any vertical 
movement around the poles, sudden enough to produce such deluges, must 
have been comparatively transient in its effects. 3. If the waters thus 
thrown over existing continents southward did not return to the polar re- 
^ns, what has become of them ? If they did return, as the elevated por- 
tions subsided, why have they not left traces of their northerly currents on 
the land % { 

The Glacier Theory. 

Descr. The bistorj of glaciers, which has been given in the 
first part of this section, torms the groundwork of the glacier 
theory. It supposes that at the close of the tertiary period, a 
sudden reduction took place in the temperature of the surface 
of the globe, whereby all organic life was destroyed ; and in 
high latitudes at least, glaciers were formed on mountains of 
moderate altitude ; indeed, that vast sheets of ice were spread 
over almost the entire surface, extending south as far as the 
phenomena of drift have been obiserved. The northern regions, 
especially around the poles, are supposed to have formed one 
vast Mer de Glace, which sent out its enormous glaciers in a 
southerly direction by the force of expansion,* and the advance 
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and retreat of these daciers, accumulated the moraines and pro- 
duced the strise and embossed appearance (roches moutonnees) 
upon the rocks. When the temperature was raised, the melting 
ot the immense sheet of ice produced vast currents of water, 
which would lift up and bear along huge icebergs loaded with 
detritus, and thus scatter bowlders over wide surfaces. The 
* blocking up of the gorges hj moraines, would form lakes and 
ponds, in which claj and sand, such as now lie above the drift, 
might have been deposited, and afterwards the. barriers of these 
lakes, consisting of loose matter, may have been cut through, 
and ^e waters gradually drained off, and assumed their present 
kvels. In some parts of the world the elevation of mountains, 
as the Alps for instance, during the same period, might have in- 
creased the effects that have been described. 

Proof. 1. The perfectly preserred elephants and rhinoceros of Siberia in 
frosen mud, show toat the cnange of climate there must have been very sud- 
den from quite warm to intense cold. 2. The general absence of organic 
remains in the clay and sand lying above the dnfl, makes it probable that 
during their deposition the climate was too cold to fkTor the existence of ani- 
mals and plants, while the highly arctic character of the few species of shells 
that have been found in these deposits in New York, Canada, Scotland, 
Sweden, and Russia, confirms this conclusion. 3. The history of the effects 
of glaciers is the histoiy of the phenomena of drift in miniature. In the firrt 
place, the moraines of glaciers correspond to the accumulations of drift that 
are so common in northern regions. The latter are, indeed, somewhat modi- 
fied, partly by subsequent aqueous agency, and partly by a somewhat differ- 
ent mode of production ; so that the distinct varieties of moraines accompa- 
nying glaciers are not always to be distinguished. Secondly, the smoothing, 
rounding, and polishing of the rocks, are the same beneath the glaciers as 
over the whole northerp hemisphere. Thirdly, the parallel strife upon their 
surfaces are perfectly explained by the passage of ice over them in unbroken 
sheets, with angular firagments fixed into their lower surface. Fourthly, the 
parallel furrows and vidleys produced by the agency under consideration^ 
upon the crests and sides of steep mountains are veiv analagous to those be- 
neath the glaciers, the result of the joint action of ice and water. Fifthly, 
this same joint action may have transported bowlders to great distances and 
lodged them upon precipitous ridges and on sandy plains. Finally, these 
effects are inexplicable by currents alone. 4. This theory furnishes an ade- 
quate agency fer smoothing and furrowing the slopes of mountains, and fat 
toe transportation of drift fix>m lower to higher levels by an ascending force ; 
fitcts more difficult to explain than almost any other phenomena connected 
j> with drift. This might nave been done both by the expansive force of ice, 
pushing one extremity of the sheet up the hill, and by water, lifting up ice- 
bergs with detritus from the bottom of the valleys, and as it rose, carrying 
them to higher levels. 5. It shows how deposits of clay and sand might 
have been n>rmed above the coarse detritus in takes produced by the moraines 
and melting of the ice, and how their barriers afterwards might have been 
removed. 6. It gives a reason why those clays and sands are so destitute 
of organic remains, viz, a cold climate. 7. It provides an agent sufficiently 
powerful to break down the tops of ledges of rocks, as appears to have been 
done at least in a few instances in New England, by an enormous ferce ope- 
rating obliquely downwards in connection with the formation of drift. The 
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«zp&nsion and great weight of a huge sheet of ice might exert a fb!«e upon 
obstacles almost irresistible. 

Obj. This theory furnishes a very inadequate cause for the southerly di- 
rection taken by drift over so large a part of the northern hemisphere. It 
supposes that as the earth was cooling, most of the water that was evapo- 
.rated in tropical regions would go to be condensed in the polar regions, 
and thus accumulate there a vast* quantity of ice, so long as the gla- 
cial period continued. Admitting such a process, it might prMUce a mwle- j 
rate southerly movement in the ice as it expanded. But the distance 
southerly to which the drifl has been transported, even that princqMtl 
mass of it which must have been pushed along by the ice, is very great to 
refer to such a cause. And besides, the southerly direction of the force 
seems to have continued from the beginning to the end of the work ; so that 
the bottom of the valleys as well as the tops of the mountains have been 
equally affected by it. This fact seems to indicate some other cause besides 
mere expansion to give an austral direction to the force. It is difficult, ^so, 
to conceive how currents, formed by the mere melting of ice, could have 
transported bowlders from 400 to 600 miles to the south. 2. The largest and 
most remarkable moraines (ex. gr. those of Plymouth and Barnstable coun- 
ties in Massachusetts,) are situated at a great distance from any mountains. 
This shows at least that the idea of their production by common glaciers, de- 
scending from higher to lower ground, must be given up : though this idea is 
not, perhaps, essential to the theory. If wc can only suppose the sheet of 
ice fixed immoveably on its northern side, then, as it expanded, it would en- 
large on its southern side. 3. It is difficult to imagine a cause for a sudden 
change on the earth's surface from an almost troptcalto an ultra-arctic climate, 
without supposing a total change in the present arrangements of the solar 
system : without supposing, for instance, the earth left without the light and 
heat of the sun. If facts prove such a change, however, it must be admitted 
even if we can imagine no cause. 

Rem. 1. This theory was first suggested by Yenetz, a Swiss engineer ; 
then advocated by Charpentier ; and more recently brought out in its full 
proportions by Agassiz, in his Etudes sur les Glaciers. > 

Rem. 2. It gives nearly as erroneous an idea of this theory to call it sim- 
ply the Glacial Theory^ as it would to call it the Diluvial theory. For it is 
agreed by all that immense currents of water, and even extensive deluges, 
must have been the result of the melting down of vast accumulations of ice. 
These must have been sufficient to carry blocks and gravel firom 400 to 600 
miles southerly ; and to form extensive lakes in the depressions of the sur- 
face. And if the return of heat was as sudden as Agassiz supposes its de- 
parture to have been, vast deluges must have been the consequence. Hence 
it would seem more appropriate to call this theory the Glado-aqueous theory^ 

Rem. 3. A curious example to illustrate the effect of the sudden melting 
of large masses of snow and ice, has just been communicated to me by Rev. 
Justin Perkins, American Missionaiy at Ooroomiah, in Persia, not far from 
Mount Ararat, in a letter of Nov. 6, 1840. In giving an account of two 
very powerful earthquakes, experienced on and around that mountain in the 
summer of 1840, he says, " the vast accumulation of snow which had been 
increasing on and about the tops of the mountains for centunes^ was broken 
into pieces, and parts of it shaken down on the sides of the mountains in such 
immense quantities, that (it being midsummer and the snow descending 
down as far as a warm climate and suddenly melting,) torrents of water 
came rolling down the remainder of the mountain, and flooded the plains for 
some distance around its base." 

Inf. 1. Very probably the Iceberg Tbeories and the Glacier 
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Theory are not ineconcileable with one another: or rather, th^ 
ultimate and tme theory of drift may probably be compounded 
of these three theories. 

Proof 1. It ifl impoMibfe to exptain the phenomena of drift m North 
America and Northern Europe, witnoat admitting the traneit over the entire 
sur&M, of deep and lone continued cturrents of water, loaded with islands of 
ice. Such eorrents and such icebergs are supposed in all these theories to 
iMtve existed. 2. Mr. Maclaren has rendered it probable, that if most of the 
globe was covered with an ocean, there would exist between the tropics 
a westeriy current, and without the tropics, two easterly currents. If, 
now, ice had been accumulated around the poles to a great thickness, (10,000 
feet, says Maclaren,) as Agassiz supposes, its fuMon, upon the return of heat, 
would produce currents towards the equator ; and these, meeting with the 
easteilj currents, would form a southeasterly current in the northern hemi- 
sphere, and a northeasterly current in the southern hemisphere, would be 
the result. This would explain the southeasterly direction taken by the 
drift in the northern hemisphere. — Geofogy of Fife and Hie LoUdams^f. 22&, 
Also the Scotsman for Dec. 1, 1841. 3. Essentially the same effects would 
result, if we suppose deep and long continued inundations of the land to have 
taken place from the melting of polar ice; so that it is not necessary to sup* 
pose the glacio-aqueous period to have existed before the rise of our present 
eontinent from the ocean. 4. Let us make a further supposition. Suppose 
the earth to have ceased to revolve on its axis during that period, and to have 
been removed from solar influence. The consequence would have been, that 
the water would accumulate around the poles to the depth of 13 miles, and all 
of it be converted into ice; while the equatorial regions would be left bare. 
Suppose next, that the earth was brought into its present orbit, and com- 
menced its diurnal revolution. The mefting ice would flow rapidly towards 
the equator, inundating the land, and the currents would take the directions 
above named. 5. Murchison and Vemeuil regard it as most probable, that 
the stris upon the rocks of Northern Europe, were produced hj "icefloes 
and detritus, grating upon the bottom of the sea," and set m motion by cur- 
rente produced by the elevation of northern continentel masses." On the 
Geological Structure of Russia in Europe, by Murchison and Vemeuil, p. 13. 
LoTbdon, 1841. 6. The Alps are an example of the rise of a mountain to a 
considerable height during the period in which drift was accumulating ; and 
their elevation produced important modifications of glacio-aqueous agency in 
that part of Europe, where they exist. In fact, it seems probable, that the 
conditions of the several theories that have been described, may all have ex- 
isted in some part of the globe during the glacial period ; and, therefore, it 
may be found that all those theories are in harmony with one another. 

Inf, 2. The proximate canse of the phenomena, of driffc 
seems at length to be determined ; yix. the joint action of ice 
and water : so that the dynamics of this most difficult subject 
appear to be at last nearly settled. 

Proof In all the above named theories, that are now adopted by geolo* 
gists, VIZ. the three last, ice and water are the agente supposed to have been 
employed ; and the chief difference between them seems to be concerning 
their relative agency. 

Hem, This is certainly a very great and happy advance in a subject 
which only a few years ago presented an aspect truly chaotic. 

Inf 3. Not improbably all advance which geologists will 
eyer be able to make beyond the true dynamics of this subjeot, 
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tnll be only vuffutt coi\|ecture : that is, while they ma;^ under- 
stand perfectly Dy what agencies the phenomena of drift havt 
been produced, and even be a|)le to calculate the intensity of 
those agencies, they may never ascertain their origin. 

Rejn. The case k the mwate ki Buay ether j^arts of geolo^ ; and it Is 
vften because writen are not satisfied wiUi ascertainmg the proximate caiweB 
of phenomena, and w£U speculate upon amtecedent causes, that doaht and 
perplexity are thrown over a plain sulject, and the whole sdeace appeals 
more ansettled to the svperficiai reader than is adwaily the case. 



SECTION VIL 

OPERATION OV ORGANIC A6EN€CES IN PRODUOING 

«B0L0GICAL CHANGES. 

ihm. Many fitcts naturaUy beksag^iig 4o this Section, have been iie» 
oessarily anticipated in the preceding Sections ; and will therefinre, need on^ 
lo be referred to in thisi place. 

Agency of Man, 

Prill. The human race produce eeological changes in seve^ 
ral modes: 1. By the destruction of vast numbers of animmis 
and plants to make room for themselves^ %. By aiding in the 
wide distribution of many animals and plants, tnat accompany 
man in his migrations. 3. By destroying the equilibrium be^ 
tween conflicting species of animals and plants : and thus en- 
abling some species to predominate at the expense of others. 4. 
^Y altering tne climate of large countries by means of cultiva- 
tion. 5. By resisting the encroachments of rivers and the 
ocean. 6. ny helping to degrade the higher parts of the earth's 
surface. 7. By contributing peculiar fossil relics to the alluvial 
depositions now going on, on the land and in the sea : such as 
the skeletons of his own frame, the various productions of his 
art, numerous gold and silver coins, jewelry, cannon balls, &c. 
that sink to the bottom of the ocean in shipwrecks, or becomo 
otherwise entombed. 't 

Exam. The only example of the entire extinction of the larser animals 
coeval with man, and probably through his agency, are the following, i. 
The great Irish elk, which was 10 it. high to the top of the horns, which are 
firora 10 to 14 ft. between their tips. §. The dodo, a bird larger than the 
turkey, which existed in Mauritius and the adjacent islands when thev were 
colonized by the Dutch 200 years ago : but it is no longer to be found ; and 
even all the stuffed specimens that were brought to Europe are lost : so that 
a head and a foot of one individual in the Ashmolean museum at Oxford, 
and the leg of another in the British mttseom, are all iktX remains of iL «• 
cept some fossil bones lately found in the Me of France. 3. The i^iiifr 
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mustralis of New Zeaknd appears to be on the point of extinctbD^ if not 
actually extinct: as only one specimen of it exists in Europe ; and no others 
can be obtained, though the missionaries my that its skin is bUU worn by the 
natives. Wonders of Geol^, Vol. 1. p, 105. 

In particular countries it is a more common occurrence fix species tp be- 
come extinct : as (he beaver, wolf, and bear, in England. In tnis country 
the animals of the forest are disi4>pearing or moving vrestwaid as the fiirasts 
are deuing up. Since the cUscovery of the island of South Gecngia, hi 
1771, one million two hundred thousand seal skins have been annuaHy taken 
fkan thence i and nearly as many more from the Isliand of Desolation. The 
animal is becoming extinct at these islands. Hew many of tfie smaBer ani- 
mals may have become extinct, through the agency of man, it is imposable 
lo ascertain. 

It has been maintained with great confidence, that the cfim«te of Europe 
is very much warmer than in Ihe davs ef ancient Rome : and tfa« hss been 
imputed to the clearing away of the forests. Hees^ Cydopadia. Artide^ 
ChmaU, But M. Arago has Utely rendered it probable, that no sucn change 
hav taken place. IjifSPs Prin, Geol. Vol. 3. p, 256;. In North America, 
however, the extremes of heat and cold have probably been modified by the 
clearing away of the forests. 

In Italy, the Po, Adige, and other rivers, are prevented from overflowing 
the adjacent country by embankments. These nave been carried so high, 
and the bed of the nver has so much filled up in some places, that the mof 
fitce of the Po is more elevated at Ferrara than the reofii of the housM. 
LyOPs Prin. Cfeol. Vol. 1. p. 348. 

Jnf, Some writers maintain that as species of animals and 
plants disappear from the earth, new species are created to take 
their place, that the proper equilibrium of organic nature may 
he preserved. But as no certain example of the creation of a 
new species lias yet been discovered, this opinion can be re- 
garded only as an Hypothesis. And the majority of authors 
suppose that in general no new creation takes place, until nearly 
the entire race inhabiting a country at any one period, have 
been destroyed, either by a sudden catastrophe, or in the slov 
manner that has been described. 

Obs. This question, with the whole subject of the permanence, distribu- 
tion, and mutual influence of species of animals and plants, is fully and ably 
discussed in I/ydPs Principles of Geology^ Book 3. The general prindples 
regulating their distribution has been given in Section V. 
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Agency of Other Animals^ 



^ Prin. Very many other animals exert an influence on geoJo- 
' gical chane[es analogous to that of man, though less in degree, 
except the following. 

Polyparia or Polyps. 

Rem. The lithdoffical character of the stony halntation erected by these 
minute a nim al s , has oeen described in section III. Some account of the 
polvps has also been givon in section YI. The history oi coral reefs remains 
tobtgfsea. 
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Descr, Coral reefs are ridges of calcareous rock, whose basis 
is coral, (chiefly of the c^enera, porites, astrea, madrepora mean^ 
drina and caryophiUia,) and wnose interstices and surface are 
covered hy broken fragments of the same, with broken shells 
and echini, and sand, ill cemented together by calcareous mat- 
ter. They are built up by the pol^p^paria, apparently on the 
tops of submarine ridges and sometimes perhaps, though not 
generally, on the margins of ancient volcuiic craters, beneath 
uie ocean, not generally from a depth greater than 25 or 30 
feet, ^et sometimes 120 or 130 feet liie polyparia eontinua 
to biiild until the ridge gets to the surface of the sea at low 
water ; after which, the sea washes upon it fragments of coral, 
drift wood, &c. and a soil gradually accumiiiates, which is at 
length occupied by animaia with man at their head. The reefs 
are sometimes arranged in a circular manner, with a lagoon in 
the centre, where, in water a few fathoms deep^ grow an abun- 
dance of delicate species of corals, and other marine animals, 
whose beautiful forms and colors rival the richest flower garden. 
Volcanic agency often lifts the reef far above the waters, and 
sometimes covers one reef with lava, which in its turn is covered 
with another formation of coral. The growth of coral struc- 
tures is so extremely slow, that centuries are required to pro- 
duce any important progress. The rate of increase has not 
been determined. 

Descr. The diameter of the circular reefs has been found 
to vary from less than one to 30 miles. On the outside, the reef 
is usually very precipitous, and the water often of unfathomable 
depth. Fig. 113. is a view of one of these circular islands in 
the south seas, called Whitsunday Isle ; so far reclaimed from 
the waters as to be covered with cocoa nut trees and with some 
human dwellings. 




Daer. Tliew isleta oceur abundaiitlT in tBe Pacific Ocmi^ 
fcatwMO the thirtieth juuralleb of Utitnde. They abound alw)^ 
in ^e IndJUtn Ocean, m the Arabian and Peraian Gnlfs, in th* 
West lodice, &c. UfmaBy they are sciittered in a lineal mtn- 
Ber orer a great extent. Thus, oo the eitstem coest of New 
Hdland, is a reef 350 miles long. Dissppointment Islands and 
Duff's Gronp are cMinected by 500 miles of coral leefs, over 
which the natives can travel from one island to another. Be- 
tween New Holland and New Guinea, is a line of reefe 700 
miles \<mg, interrupted in no place by channeb uore than 30 
miles wide. A chain of coial islets 480 geographical miles lon{^ 
has lone Been known by the name of the Maldivas. Soma 
groups in the Pacific, as the Dangerous Archipelago, are from 
1100 to 1200 miles Iraig, and from 300 to 400 miles broad. 
Lgetrt Prin. Gtol Vol. 3. p. 367. Especially See Coutkoy m 
CoTtd Fonaaliom in the Pacific, tn the BmI. Journ. Nat. Hit- 
tory, Vol. 4, No. 1. 

^ Infus<^i<,. 

W Rem. It i> eerluBly <me of (he noat wtoniBhiag &iacovtnta af modem 
■denee, AtX ttte animakah of infaBionB, of wKich KW.OOO.OOO may llTe and 
■port in k drop of water, should origiDate eitenaive fbnDBlioua of rocki aod 
■oila b; their alielelani. Bnt the mastery is explained when we learn bow 
■itonisbing is their power of muttifjicalion. The facia en this sitbjiKt, how- 
aver, have been so faltj iletaileil in Section Y. thst Delbing mere can be pni- 
fltably added in this phce. 

Agency of Plants. 
Dacr. Animal and vegetable substaoces, when buried in the 
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earth, or the waters, sometimes undergo an almost entire decom- 
position : at other times, this is very partial ; and sometimes 
the change is so slow that for years scarcely no apparent pro- 

Sress is made. Different suhstances will be the result of these 
ifferent degrees of decomposition. 
Descr. BerzeUus embraces all the organic matter of soils in 
the generic term humus. Dr. Dana uses the term geifie as 
synonomous with humus, when he speaks agriculturally. Ber- 
zelius supposes humus to contain humic acid, humin, crenic 
and apocrenic acid, and traces of elairin. Dr. Dana regards 
these as different forms of geine, which, when in a soluble state^ 
may be taken up by the roots of plants : but in an insoluble 
state, can uffora no nourishment. When he uses the term 
geine, however, in a strict chemical sense, he means by it the 
same as the humic acid of Berzelius ; or a compound of 16 
atoms of oxygen, 2 atoms of hydrogen, and 16 atoms of carbon. 
This unites with bases and forms geates, or humates. In some 
places, as on the western prairies, these organic matters of soils 
increase so as to form a layer several feet Uiick : but in general 
they are so much used in the nourishment of plants, that they 
rarely become more than a few inches thick. 

Descr, The prevalent opinion amoncr vegetable physiologists has been, 
that plants are nourished partly by imbibing carbonic acid through their 
leaves and their roots, and partly by taking up soluble ^eine firom the waHL 
Recently, Liebig, Raspail and other distinguished chemists have advanced 
the opinion, that they are nourished solely by the absorption of carbonic acid, 
and that geine acts no other part in sustaining them but to fVumish that gas. 
lAdng's Organic Chemistry of Agriculture atid Physiology ^ with noteSf by 
Professor Websfer, Cambridge, I84l. Also Dana*s March MamuU, Ltoweu^ 

Peat, 

Descr. Peat usually consists of soluble and insoluble geine, 
with a mixture of undecomposed vegetable matter, and some 
earths. Most of it results trom the decomposition of certain 
mosses ; especially of the genus sphagnum ; which decay at 
their lower extremity, while the top continues to flourish with 
vigor. Trees and whatever other organic matter happen to get 
into these peat bogs, soon become enveloped and assist to swell 
the amount. In some instances the beds have acquired a thick- 
ness of more than 40 feet. 

Descr, In tropical climates, except on high lands, the de- 
composition of vegetable matter is so rapid that it is resolved 
into its ultimate elements before peat can be produced. Hence 
peat is limited chiefly to the colder parts of the globe. In Ire- 
land, the peat bogs are said to occupy one tenth of the surface 
and one of them, on the Shannon, is 50 miles long and two or 

19* 
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tluree broad. In Massacliasetis, exclusive of the four western 
counties, the amount of peat has been estimated at not less than 
120 millions of cords ; and probably this falls far short of the 
actual amount. 

Descr. By the long continued action of water and other 
agents, the geine of peat is changed into bitumen and carboi^ 
wnich constit^ lignite and bituminous coal In a few in- 
stances the process c^ bituminization has been found consider' 
ably advanced in the beds of peat. MaccullocH!$ System of 
Geology^ Vol, 2. p, 352. Dr, C, T. Jacksoris Second Report on 
the Ueology ofMaine^ p. 80. American Journal of Sciencej 
Vol 35. p. 345. 

Descr, Peat bogs are remarkable for their antiseptic power, 
or the power of preserving animal substances from putrefac- 
tion ; some remarKable cases of which are on record. LyeWs 
Prin. Ged, Vol. 3. p. 271. Whether this be owing to the 
existence of acetic acid in the peat, or to the conversion of the 
animal muscle into adipocere, seems to be not well ascertained. 

Descr. Peat bogs sometimes burst their barriers in con* 
sequence of heavy rains, and produce extensive inundations of 
black mud. 

Descr. The increase of peat varies so much under different 
circumstances, that it is of no use to attempt to ascertain its 
rate of erowth. On the continent of Europe, it is stated to 
have gained seven feet in 30 years. MaccuLlochls System of 
Geology. Vol. 2. p. 344 ' 

Descr Where peat is formed in, or transnported into estu- 
aries, it is sometimes covered with a deposit of mud ; over this 
another layer of peat forms, and in this way several alternations 
may occur. 

Descr, In some peat bogs, large trees have been found 
standing where they originally grew, yet immersed to the depth 
of 20 feet : as in the Isfo of Man. LyeUs Prin. Geol, Vol. 3. 
p. 269. 

Descr. The following analysis of three specimens of marsh peat firom 
Massachus^ts, will giro an idea of the composition of this substance. 
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Drift Wood. 

Descr. Large rivers, which pass througli.yast forests, carry- 
down immense quantities of timber. When these rivers over- 
flow their banks, this timber is in part deposited upon the low 
CTOunds. But much of it also collects in the eddies along the 
shores, or is carried into the ocean. After a time it becomes 
water-logged ; that is, saturated with water ; and sinks to the 
bottom. Thus a deposit of entangled wood is often formed 
over large areas. This is subsequently covered by mud : and 
then another layer of wood is brought over the mua : so tnat in 
the course of ages, several alternations of wood and soil are 
accumulated. The wood becomes slowly changed into what 
Dr. MaccuUoch terms forest peat ; that is, peat which retains 
its woody fibre. 

Exam. 1. The Missusippi furnishes thie most remarkable example known 
of these accumulations. In consequence of some obstruction in the arm of 
the river called the Atchafalaya, supposed to have been formerly the bed of 
^he Red river, a raft had accumulated in 35 years, which in I8i6 was 10 
miles long, 220 yards wide, and 8 feet thick. Although floating, it is covered 
with living plants, and of course with soil. Similar rafU occur on the Red 
river : and one on the Washita, concealed the surface for 17 leagues. At 
the mouth of the Mississippi, also, numerous alternations of drift wood and 
mud exist, extending over nundreds of square leagues. l/ydCs Prin. Gcol, 
Vol. 2. p. 8. American Jourtial of SciethcCf Vol. 3. p. 17. 

Exam. 2. Similar deposits of wood and mud are found in the river Mac- 
kenzie, which empties into the North Sea; and in the lakes through which 
it passes. At the mouth of the river, which b almost beyond the region of 
vegetation, are extensive deposits brought from the more southern regions, 
through which the river passes. l/ytWt Prin. Geol. Vol. 3. p. 310. 

Exam. 3. A part of the drift wood which is brought down the Missis- 
sippi and other rivers, along the coast of America, is carried northward by 
the Gulf Streaip, and thrown upon the coasts of Greenland. The same 
thing happens in the bays of Spitsbergen, and on the coasts of Siberia. JJ/' 
eWs Pnn. Geol. Vol. 3. p. 313. 

Inf In the history of common peat and drift wood, we see 
the origin of the beds of coal which exist in the older strata : 
for it needs only that the layers of peat (in which term I in- 
clude submerged drift wood,) should be bituminized. and the 
intervening layers of sand and mud be consolidated, in order 
to produce a genuine coal formation. Common marsh peat 
alone, can have originated but a small part of the beds of coal. 
Phillip^ 8 GeoL p. 116. 

Consolidation of Loose Materials 

Hem. Having in this and the preceding sections described a variety of 
natural processes by which just such materials as form the fossiliferous roclu 
are produced, it remains to enquire whether any agents are now in operation 
to effect their consolidation. 
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Prin. A considerable degree of solidity is sometimes pro* 

duced by mere desiccation. 

Exam. 1. When clay b exposed for a long time to the sun, it becomes 
as hard as some rocks : — ex. gr. the marly clay dug from the bottom of Lake 
Superior. LvdFs Prin. Geol. Vol. 1. p. 317. 2. Some rocks, when dug 
from a considerable depth in the earth, in so soft a state as to be readily cut 
.with a knife, become very hard on exposure to the atmosphere. 

- Prin. Carbonate of lime, conveyed in a state of solution 
among the loose particles of gravel, sand, clay, or mud, and 
there precipitated, becomes a very efficient agent of consolida^ 
tion. 

Exam. 1. On the shores of the Bermuda and West India Islands, ex- 
tensive accumulations of broken shells, corals, and sand, are formed upon 
the shores by the waves; and these are subsequently consolidated, frequently 
into very hard rock, by the infiltration of the water which contains carbonate 
of lime in solution. The famous Guadalope rock, in which human skele^ 
tons, along with pottery, stone arrow heads, and wooden ornaments, are 
found, is of the same kind. 2. The Mediterranean delta of the Rhone, is 
ascertained to be in a good measure solid rock, produced by the numerous 
spring that empty into itj that contain carbonate of lime in solution. The ^ 
same is true of tne deposits at the mouths of other rivers in the south part of 
Italy : but more especially on the east coast of the Mediterranean ; where 
the ancient Sidon, formerly on the coast, is now two miles inland. L/ydPs 
Prin. Oeol. Vol. 1. p. 433. 3. In Pownal, Vermont, three miles north of 
Williams College, large masses of drift are cemented by carbonate of lime. 
4. I have specimens or a calcareous breccia from West Stockbridge, in Mas- 
sachusetts, which was formed by the chips thrown off in hewing marble, ce- 
mented together by the stream that passed over them, so as to be nearly aa 
solid as the original limestone. This was accomplished in 17 years. 

Prin. Another agent of consolidation is the red or per oxide 

of iron ; or rather the carbonate of iron ; since the per oxide is 

not soluble in water, without carbonic acid. 

Exam. 1. On the northern coast of Cornwall, Eng., large masses of 
drifted sand have been cemented by iron into rocks, solid enough sometimes 
to be employed for building stones. 2. A similar case occurs on the coast 
of Karamania, and other pi^ of Asia Minor. De La BeMs MamuiL, p. 
78. In the United States it is common to find the sand and gravel of the 
drifl and tertiary strata, more or less consolidated by the hydrated per oxide 
of iron. 

Prin. Silica dissolved in water, appears to have been in for- 
mer times, an important agent in consolidating rocks : but at 
the present day it seems to be limited chiefly to deposits from 
thermal waters \ since it is only water in tnis condition that 
will dissolve silica in much quantity. 

Exam. The deposits around the Geysers in Iceland, the Azores Islands, &c. 

Prin. Heat is an important ag6nt in the consolidation of 
rocks : the most so when it produces complete fusion : yet this 
is not necessary to the production of a good degree of solidifica- 
tion. 
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Ex4im. The instances are so common in the arts, (as in hurning hricks, 
pottery, porcelain, &c.) where heat solidifies ; and also in the vicinity of vol- 
canos, wnere loose materials have become very hard by the proximity of lava, 
that particular instances need not be pointed out. 

Prin. In many of the cases that have been described, great 
pressure assists in the work of consolidation. Indeed, it is 
sometimes sufficient of itself to bring the particles within the 
sphere of cohesive attraction. 

Exam. This principle is too well understood to require particulai in« 
stances to be pointed out. 

General Inference from this and the Preceding Section. 

Inf. From the facts detailed in this and the preceding sec- 
tion, it appears that all the stratified, fossiliferous rocks of any 
importance, may have resulted from causes now in operation. 

Proof arid Exam. 1. Beds of clay need only to be consolidated to be- 
come clay slate, sraywacke slate, or shale. 2. The same is true of fine mud. 
3. Sand consolidated by carbonate of lime, will produce calcareous sand- 
stone : by iron, ferruginous sandstone. 4. Drift, in like manner, will form 
conglomerates of every age, according to variations in the agents of consoli- 
dation. 5. Marls need only to be consolidated to form argillaceous lime- 
stones ; and if sand be mixed with marl, the limestone will be siliceous. 6. 
Coral reefs and deposits of travertin, subjected to strong heat under pressure, 
will produce those secondary limestones that are more^r less crystalline : 
but more of this under the next section. 7. We have already seen how 
beds of lignite and coal may be produced from peat and drift wood. 8. The 
formation ofsuch extensive beds of rock salt and gypsum, as occur in tbe 
secondary and tertiary rocks, is more difficult to explain by any cause now 
in operation. And yet in respect to the former, it is said that the lake of In- 
dersK, ^ leagues in circumference, on the steppes of Siberia, has a crust of 
salt on its bottom more than six inches thick, hard as stone, and perfectly 
white. The lake of Penon Blanco in Mexico, yearly dries up, and leaves a 
deposit of salt sufficient to supply the country. Ure^s Geology ^ p. 373. 1 
have also described a somewhat similar case at the lake of Ooroomiah in 
Persia. (See Section III.) And I have just been informed (April, 1842) by 
Mar Yohanna, bishop of'Ooroomiah, who is now on a visit to this country, 
and who resides near the north end of that lake, that a small pond, covering 
about an acre, exists near his residence, which has a permanent deposit of 
salt several inches thick on its bottom. It is separated from the lake by a 
low narrow ridge of sand. According to Dr. Daubeny, (Report on Mineral 
Waters, p. 7,) thick beds of rock salt exist at the bottom of lake Elton, and 
of several other lakes adjoining the Caspian Sea. Probably, however, volcanic 
action was concerned in the deposition of rock salt. The origin of gypsum 
is still more difficult to explain by agencies now at work, since we know of 
but very ^w springs that deposit it, and these (ex. gr. at Baden near Vienna,) 
in small quantity. 

Rem. 1. It does not follow from the preceding inference that the causes 
of geological change now in action, have not operated during the deposition 
of the fi)stiIiferons rocks wKh greater energy tnan at present ; but only that 
they have been identical in nature, during the past and present periods. 

Rem. 2. We can better judge whether existing agents "have produced the 
older stratified rocks, and the unstratified class, when we have examined the 
dynamics of igneous agencici* 
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SECTION VIII. 

OPERATION OF IGNEOUS AGENCIES IN FEODUCINO 

GEOLOGICAL CHANGES. I 

Def. Volcanic action in its widest sense, is the influence 
exerted by the heated interior of the earth u{K)n its cnurt ' 
Igneous agency has a still more extensive signification; em- 
bracing all the action exerted by heat upon the globe, whether 
the source be internal or external. The history of the fonner 
will prepare us better to appreciate the influence of the latter. 

Prin. Volcanic agency has been at work from the earliest 
periods of the world's history; producing all the forms and 
phenomena of the unstratified rocks, from granite to the most 
recent lava. Modem volcanos will first come under consider- 
ation. 

Def These are of two kinds, extinct and active. The 
former have not been in operation within the historic period : 
the latter are constantly or mtermittingly in action. 

Def, A volcano is an opening in the earth from whence 
matter has been ejected by heat, m the form of lava, scoria, or 
ashes. Usually the opening called the crater, is an inverted 
cone ; and around it, there rises a mountain in the form of a 
cone, with its apex truncated, produced by the elevation o£ the 
earth's crust and the ejection of lava. The volcanic cones vary 
in height from 600 feet (Stromboli,) to 17.730 feet (Cotopaxi.) 
Humboldt on the Superposition of Rocks, p. 408. 

Def When nothing but aqueous and corrosive vapors have 
been emitted from a volcanic elevation for centuries, such ele- 
vation is called a solfatara, or fumerole. 

Def When volcanos exist beneath the sea, they are called 
submarine ; when upon the land, subaerial. 

Descr, As a general fact, volcanic vents are not insulated 
mountains, but are arranged in extensive lines, or zones ; often 
reaching half around the globe. 

Exam, 1. Perhaps the most remarkahle line of vents is the long chain 
of islands commencing with Alaska on the coast of Russian America, 
which passes over the Aleutian Isles, Kamschatka, the Kurilian, Japanese, 
Phillippine, and Moluccan Isles, and then turning, includes Sumbawa, Java, 
and Sumatra, and terminates at Barren Island in the Bay of Bengal. S. 
Another almost equally extensive line, commences at the southern extremity 
of S. America, and following the chain of the Andes, passes along the Cor- 
dilleras of Mexico, thence into California, and thence northward as far at 
least as Columbia river ; which it crosses between the Pacific Ocean and 
the Rocky Mountains. Parker's Tour beyond the JRocky Mnmtains, 3. A 
Volcanic region, 10 degrees of latitude in breadth, and 1000 miles long, ex- 
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tending from the Azore Islands to the Caspian Sea, ahounds in ToIcano»; 
though very much scattered. The region around the Mediterranean, is per- 
haps better known for volcanic agency than any other on the globe ; be- 
eause no eruption occurs there unnoti<^. 

Def, Yolcanos not arranged in lines or zones, are called 
central volcanos, and are more or less insulated. 

Exam, Iceland, the Sandwich Islands, Society Islands, 
Island of Bourbon, Jorullo in Mexico, and a region m Central 
Asia, of 2500 square geographical miles, from 800 to 1200 miles 
from the ocean. D« la Beckers Theoretical Geology , p. 130. 

Descr. The number of active volcanos and solfataras on the 
l^obe, is estimated at a little over 300 : (303) C&nsiderations 
Generates sur les Volcans^ ^e. par M. J. Girardln, p. 28. Paris, 
1831, and the number of eruptions about 20 in a year, or 2000 
in a century : though on both these points there is room for 
considerabla uncertainty. 

The following table will show how the active volcanos and solfataras are 
distributed on tne globe. 
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Descr, 194 of these volcanos, or about, two thirds, are 
situated upon the islands of the sea: and of the remaining 
third, the greater part are situated upon the borders of the sea, 
or a little distance from the coast. GirardirHs Considerations, 
^c, p, 25. 

Inf. Hence it is inferred that water acts an important part 
in volcanic phenomena: indeed, it seems generally admitted 
that the immediate cause of an eruption is the expansive force 
of steam and gases. It ought not to be forgotten, however, 
that some volcanos are 'far inland: as Jorullo in Mexico, and 
the volcanos in central Asia. 



Lite rmit lent Volcanos. 

Descr, Only a few volcanos, are constantly active*, in most 
cases their operation is paroxysmal ; and is succeeded by loneer 
or shorter intervals of repose. This interval varies from a tew 
months to seventeen centuries. In the Island of Isdua, the 
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latter period has been known to intenrene between two ern^ 
tiona. 

Inf. Hence some of the volcanos of America, generally sa* 
garded as extinct, (as Chimborazo, and Cargnairazo in Ctmito, 
Tacoza in Peru, and Nevado de Toluca in Mexico,) may y^jk 
break forth and show themselves to belong to the class of active 
volcanos. 

Phe7iomena of an Eruption. 

Descr. A volcanic eruption is commonly preceded by earth* 
quakes in the vicinity ; stillness of the air, with a sense of 
oppression; noises in the mountain; and the drying up of 
fountains. The eruption commences with a sudden explosion, 
followed by vast clouds of smoke and vapor, with flashes of 
lightning, and showers of ashes and stones ; and finally by red 
hot lava ; which flows over the rim of the crater ana spreads 
over the surrounding country. 

Descr. Probably the most remarkable eruption of iBodem 
times took place in 1815, in the island of Sumbawa, one of the 
Molucca group. It commenced on the 5th of April, and did 
not entirely cease till July. The explosions were heard in 
Sumatra, 970 geographical miles distant in one direction, and 
at Ternate in the opposite direction, 720 miles distant. So 
heavy was the fall of ashes at the distance of 40 miles, that 
houses were crushed and destroyed beneath them. Towards 
Celebes, they were carried to the distance of 217 miles ; and 
towards Java, 300 miles, so as to occasion a darkness greater 
than that of the darkest night. On the 12th of April, the float- 
ing cinders to the westward of Sumatra, were two feet thick ; 
and ships were forced through them with difficulty. Large 
tracts of country were covered by the lava : and out of 12.000 
inhabitants on the island, only 26 survived. 

Descr. During the ereat eruption of the volcano of Cosi- 
guina in Guatimala, on the shores of the Pacific, in 1835, ashes 
fell upon the island of Jamaica, 800 miles eastward : and upon 
the deck of a vessel 1200 miles westward. American Journal 
of Sciencsj Vol. 33. p. 53. 

Descr. The situation of Vesuvius and Etna has made their 
history better known than that of most volcanos. Eighty one 
eruptions of the latter are on record, since the days of Thucy- 
dides ; and thirty seven of the former, since the first century 
of the Christian era. That which occurred in Vesuvius A.D. 
79, is best known, from the fact that it buried three cities, Her- 
culaneum, Pompeii, and Stabiae ; which were flourishing at its 
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!>ase. Not mucli melted lava appears to have been thrown out 
at the eruption, which consistea chiefly of lapiUi, sand, and 
stones. Hence it is, that almost every thine enveloped in those 
cities; — streets, houses, inscriptions, papyri, (manuscripts,) grain, 
fruit, bread, condiments, meoicines, &c. he, are in a most per- 
fect state of preservation. They are, indeed, perfect examples 
of fossil cities ! LyelVsPrin, Oeol. Vol. 2. p. 189. Dr. James 
Johnson! s Philosophy of Travelling, p. 232. 

Rem. The vajst quantity of aqueous vaj)or that escapes during a volcaiiic 
eruption, is often condensed and descends in torrents of rain, which fidlinff 
upon the ashes, which the volcano has east out, converts them into mud; 
and it was probably mostly mud that enveloped Pompeii, though Hercula- 
neum appears to have been covered with melted matter. Mud ready formed, 
however, not unfrequently is emitted from volcanos. 

Descr. In the year 1759, in the elevated plain of Malpais 
in Mexico, which is from 2000 to 3000 feet above the ocean, 
and at the distance of 125 miles from the sea, a volcanic erup- 
tion took place, producing six volcanic cones ; now varying m 
height from 200 to 1600 feet. Around these cones, and cover- 
ing several sauare miles, are a multitude of small cones, from 
6 to 2 feet high, called hornitos, which continually give off hot 
aqueous vapor and sulphuric acid. 

Rem, There is still a diversi^ of opinion as to the manner in which vol- 
canic cones are formed. Von Buch, the distinguished Prussian geologist, 
maintains that a large part of the cone is produ^d by the upheaving of the 
strata, and that the crater, which in such cases he calls a crater of etcvalion, 
results from the fracture at the summit. Upon this elevated mass lava accu- 
mulates. Other geologists suppose the cone to be entirely formed of lava. 

Descr. Sometimes during a violent eruption, the whole 

mountain, or cone, is either blown to pieces, or falls into the 

gulf beneath, and its place is afterwards occupied as a lake. 

EoMim. 1. In 1772, the Papandayan?, a large volcano in the island of 
Java, after a short and severe eruj^on, fell in and disappeared over an extent 
15 miles longhand 6 broad ; burvm^ 40 villages, and 2957 inhabitants. 2. 
In 1638, the Pic, a volcano in tne island of Timor, so high as to be visible 
300 miles, disappeared, and its place is now occupied by a lake. 3. Many 
lakes in the soutti of Italy are suimosed to have been thus formed ; and this 
is probably the origin of the Dead Sea in Palestine, of lake Ooroomiah in 
Persia, &c. BdkeweWs Geology ^ p. 265. 4. A volcano occupying the same 
spot, as the present Vesuvius, is supposed thus to have been destroyed in 79, 
and its remains to constitute the circular ridge, called Somna, which is seve- 
ral miles in diameter. 

Dynamics of Volcanic Agency. 

Prin. We can form an estimate of the power exerted by 
volcanic agency, from three circumstances : first, the amount of 
lava protruded: secondly, from the distance to which masses 
of rock have been projected : and thirdly by calculating the 

20 
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force requisite to raise lava to the tops of existing craters from 
their base. 

Descr. Vesuvius, more than 3000 feet high, has launched 
scoria 4000 feet above the summit Cotopaxi, nearly 18.000 
feet high, has projected matter 6000 feet above its summit \ and 
once it threw a stone of 109 cubic yards in volume, to the dis- 
tance of nine miles. 

Descr. Taking the specific gravity of lava at 2.8, the following table will 
•how the force requisite to cause it to flow over the tops of the several vol- 
canos, whose names are given, with their hdiffht above the sea. The initial 
velocity which such a force would produce, is uso given in the last c<dumn. 



Name. 



Height 
in feet 



Force ex- 
erted upon 
the Lava. 



Initial ve- 
locity per 
second. 



Stromboli, highest peak,} 2168 176 Atmospheres. 371 feet 

Vesuvius, 3874 314 ^6 

JoruUo, Mexico, 2942 319 503 

Hecla, Iceland, 5106 413 570 

Etna, 10892 882 832 

Teneriffe, 12464 1009 896 

Mouna Kea, Sandwich Isles, 14700 1191 966 

Popecatapetl, Mexico, 17712 1435 1062 

Mount Elias, 18079 1465 1072 

Cotopaxi, auitO) 18869 1492 1104 

Bern. There can be but little doubt but the chimney of a volcano ex- 
tends generally as much below the level of the sea, as it does above; and 
oAen probably fifty times as deep : so that the actual force pressing upon 
the lava in its reservoir, may be fax greater than the second column of the 
preceding table represents : and the initial velocity much greater than in the 
third column. 

Descr. The amount of melted matter ejected from Vesuvius 
in the eruption of 1737, was estimated at 11.839.168 cubic 
yards: andf in that in 1794, at 22.435.520 cubic yards. But 
these quantities are small compared with those which Etna has 
sometimes disgorged. In 1660, the amount of lava was 20 
times greater than the whole mass of the mountain ; and in 
1669, when 77.000 persons were destroyed, the lava covered 84 
' square miles. Yet the greatest eruption of modern times was 
from Skaptar Jokul in Iceland, in 1783. Two streams of lava 
flowed in opposite directions ; one of them 50 miles long and 
12 broad ; and the other 40 miles long and 7 broad : both hav- 
ing an average thickness of 100 feet : which was sometimes in- 
creased to 500 or 600 feet. Twenty villages and 9000 inhabi- 
tants were destroyed. Lyelts Prin, GeoL Vol 2. p. 254. 
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New Islands formed by Volcanic Agency, 

Descr, History abounds witli examples of new islands rising 
out of the sea by volcanic action. Such were Delos, Rhodes, 
and the Cyclades, situated in the Ghrecian Archipelago, and de- 
scribed by Pliny the naturalist, and other ancient writers. In ; 
more moaem times, small islands have risen in the Azore group : ) 
such as Sabrina in 1811, which was 300 feet high, and a mue 
in circumference : but after some months it disappeared : ano- 
ther in 1720, was six miles in circumference, in 1707, the 
island called Isola Nuova, was thrown up near Santorini, and 
continues to this day. Just before the great eruption of Skaptar 
Jokul in Iceland in 1783, a new island appeared off the coast; 
which, however, subsequently disappeared. In 1796, a new 
island rose to the height of 350 feet ; having two miles of cir- 
cumference, in the Aleutian group, east of Kamtschatka, which 
is permanent. In 1806 another permanent island rose in the 
same vicinity, four geographical miles in circumference. In 
the same archipelago, in 1814, another peak arose, which was 
3000 feet high ; and which remained standing a year afterwards. 
In those cases where the cone does not sink back beneath the 
sea, it is probably composed of the more solid lavas, such as 
trachyte, or basalt So late as 1831, a new island appeared 
near Sicily in the Mediterranean, rising to the height of 220 
feetf and after exhibiting volcanic phenomena for sometime, it 
disappeared. Girardin Considerations, S^c, sur les Volcano, p. 
31 — Poidett Scrope^s Considerations on Volcanos, p. 172, Lonr 
dony 1825 — LyelVs Prin. GeoL VoL 1. p, 288. BakeweWs 
Geology, p. 261. 

JRem. 1. In some instances the islands thus raised, are composed mainly 
of the rocks which form the bottom of the sea ; and which has been uih 
heaved ; as the island of New Elamenoi, near St. Erini, which rose in 1707, 
and which was composed partly of limestone and covered with living shells. 

Rem, 2. These islands are not always raised to their full height by a sin- 
gle paroxysm of the volcanic force \ but by a succession of efforts for months 
and even years. 

Descr. Very many large islands appear to be wholly, or J 
almost entirely, the result of volcanic action ; and to be com- 
posed chiefly of lava and rocks upheaved by volcanic action ; 
such as sandstone and limestone : ex. gr. the Sandwich Islands : 
of which Hawaii, the largest, contains 4000 square miles of sur* 
face and rises 18.000 feet above the ocean : Teneriffe, 13.000 feet 
high : Iceland, Sicily, Bourbon, St. Helena, Tristan d'Acunha, 
the Madeira, Faroe and Azore Islands ; a great part of JavSi 
Sumatra^ Celebes, Japan, &c. 
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Character of Molten Lava, 

Descr. Lava in general is not very thorougKly melted ; so 
that when it moves in a current over the country, its mdes 
Ibrm'walls of considerable height, and a crust soon forms ovei , 
its surface, which serves stOl more to prevent its spreading out ! 
laterally. i 

Rem. Hence a layaciirraiit may be deflected fiom its coQiwj^bnilm 
away its crust on one side: and in this way it has somettmea been toraed 
away from toWns that were threatened by it. In one instance, the inlulnt- 
ants of Catania attacked a lava current and turned it towards Paterno; 
whose inhabitants took up arms and arrested the operation. LfelPs Prm, 
Qeot. VU, 2. p, 213. 

Descr. The crust that forms upon lava soon becomes a good 
non-conductor of heat ; and hence the mass requires a long time 
to cool : ex. er. the case of JoruUo in Mexico, 1600 feet high, 
which was ejected almost 100 years ago, but is not yet cod. 
The lava thrown out of Etna in 1819, was in motion, at the 
rate of a yard in a day, nine months after the eruption: Scrope 
on Volcanos, p. 101. and it is stated that lava from the same 
mountain, at a previous eruption, was in motion after the lapse 
of 10 years. Ve La Beckys TkeortticaL Geology^ p. 135. 

Rem. This explains a curious ftct In 1888, a mass of ioe wm fniiiA 
on Etna, lying beneath a current of lava. ProbaUy before thk flowed ovot 
it, the ice might have been coveised by a shower of volcanic ashes ; which 
are a good non-conductor of heat ; and might prevent tiie immediate melting 
ef it; while the superimposed lava has preserved it fiom the period of itg 
eruption to the present. 

Descr. When lava is thrown out upon the dry land, with 
only the pressure of the atmosphere upon it, it is apt to become 
vesicular and scoriaceous : but when cooled slowly and under 
great pressure, it becomes compact and may be even crjrstalline. 

Volcanos constantly Active. 

Descr. A few volcanic vents have been constantly active 
since they were first discovered. They alwa3rs contain lava- in 
a state of ebullition^ and vapors and gases are constantly 
escaping. 

Eocam. 1. StromboU, one of the lipari Islands, has been observed longer 
probably than any volcano of this class; and for at least 2000 years 
it has been unremittin^y active. The lava here never flows over the top 
of the crater : though it is sometimes discharged through a fissure into the 
sea, killing the fish, which are thrown upon the shore ready cooked. It is 
said to be more active in stormy than in fiur weather ; likewise more so in 
winter than in summer: a fact explained by the different degrees of pressure 
exerted by the air upon the lava at different times. When the air is light, 
the internal force predominates \ but whoi heavy^ it zestrains the eneigy of 
the volcano. 
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Exam, 3. tn lake Nicaragua is a vdcano which is constantly burning. 
Villarica in Chili, so high as to be seen 150 miles, is never auiet. The 
same is said to be the case with Popocatepetl| in Meodca whien is nearly 
18.000 feet high. Ever since the conquest of Mexico it has been pouring 
Ibrth smoke. QirwrdiiCt ConsideraHons, 4^rf. 188. 

Exam. 3. But the most zemarkable volcano on the globe 
is that of Kirauea or Kilauea, in the Sandwich Islands, on 
Hawaii ; fox the first accurate account of which we are indebted 
to American missionaries. American Jour, of Science, ToL 11, 
p. 1, and 362. Rev. Messrs. Stewart and EBis, the first an 
American, and the latter an English missionary, have both 
given us most graphic and thrilling descriptions of it. It ap- 
pears to be situated upon a plain 8000, or 10.000 feet above the 
ocean ; and at the foot of Mouna Roa. In approaching the 
crater, it is necessary to descend two steep terraces, each from 
100 to 200 feet high, and extending entirely around the volcano. 
The outer one is 20 and the inner one 15 miles in circum- 
ference ; and they obviously form the mar^n of vast craters, 
formerly existing. Arrived at the margin of the present crater, 
the observer has before him a crescent shaped gulf, 1500 feet 
deep ; at whose bottom, which is from 5 to 7 miles in circum- 
ference, the top being from 8 to 10, is a vast lake of lava, in 
some parts molten, in others covered with a crust; while in 
numerous places (some have noticed as many as 50 at once,) 
are small cones, with smoke and lava issuing out of them from 
time to time. Sometimes, and especially at night, such masses 
of lava are forced up, that a lake of liquid fire, not less than two 
miles in circumference, is seen diking up its angry billows, and 
forming one of the grandest and most thrilling objects that the 
imagination can conceive. Fig. 114, is a view of this volcano 
taken by Mr. Ellis. 

Rem. A powerful eruption of this volcano took place in May and June, 
1840. For several years the great gulf had been gradaally filling up until it 
was not more than 900 feet deep. At length the lava found a subterranean 
passagp, and flowed 8 miles under ground, when it reached the surface, and 
then advanced 32 mites further ; and for three weeks continued to pour into 
the sea a stream of red hot lava with frightful nissings and detonations. 
MissioTUMy Herald fat July^ 1841. Account by Rev. Mr. Coan, American 
MissiOTuiry, 
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Stat of Voleanie Povxt. 

Prin. Volcame power must be deeply seated beoettli the 
earth's cruat. 

Proof. 1. The melted lara is forced out from beneath the 
oldest rocks ; as raeiss and granite : for masses of these rocks 
are frequently brcHcen off and thrown out 2. Lines or trains 
of volcanoa indicate some connection between the Tents ; and 
the great length of these linea, several ihousand miles in some 
instances, can be explained only by supposing that the fissure 
or cavity by which the connection is made, must extend to a 
great depth. 3. When in 1763, a Eubmaiine volcano, on the 
coast of Iceland, ceased to eject matter, immediately another 
broke out 200 miles distant, in the interior of the islaiid. 4. 
Wera not the power deep seated, Tolciinas wonld become ex- 
hausted; as they somvtimes throw out more matter at a sinele 
eruption, than the whole mountain melted down could supjJy. 

Earlhguakes. . 

Deicr. Earthquakes almost always precede a volcanic erap- 
tion ; and cease when the lava gets vent. 

Inf 1. Hence the proximate cause of earthquakes is obvi- 
ous : viz. the expansive efforts of volcanic matter, confisad be- 
naith the earth's surface. 
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Inf. 2. Hence too tbe ultimate cause of volcanos and earth' 
quakes, is the same : whatever that cause may be. 

Descr. Earthquakes are said to be preceded by great irre« 
rularities of the seasons ; by redness of the sun, haziness of 
the air, violent winds, succeeded by dead calms, and the like *, 
but it is doubtful, whether these precursors be not more ima* 
ginary than real. That electric matter, or inflammable gas, 
or fire, should issue from the soil with mephitic vapors ; that 
noises, like the trundling of carriages, and the discharge of ar- 
tillery, should be heard beneath the ground ; that something 
like sea sickness should be experienced; and that animals 
should show greater alarm than men, are all easily believed ; 
because they are effects naturally resulting from the known 
phenomena. 

Descr, During the paroxysm of the earthquake, heavy 
rumbling noises are heard; the ground trembles and rocks; 
fissures open on the surface, and again close ; swallowing up 
whatever may have fallen into them ; fountains are dried up ; 
rivers are turned out of their courses ; portions of the surface 
are elevated and portions depressed ; ana the sea is agitated and 
thrown into vast oillows. 

Exam, The cases that might he mentioned^ of cities and towns, wholly 
or in part suhooerged by the ocean, in consequence of earthquakes, are very 
numerous. In the year 876, Mount Acraces is said to have fiJlen into the 
sea : in 541, Pompeiopolis was half swallowed up: in 1692, a part of Port 
Royal in the West Indies was sunk : in 1755, a part of Lisbon : in 1812, a 
part of Caraccas. About the same time numerous earthquakes agitated the 
▼alley of the Mississippi, for an extent of 300 miles, from the mouth of the 
Ohio, to that of the St Francis ; whereby numerous tracts were sunk down 
and others raised, lakes and islands were formed, and the bed of the Missis- 
sippi was exceedingly altered. In 1819, the bejd of the Indus, at its mouth, 
was sunk 18 feet, and the village and port of Sindree submerged. At the 
same time a tract of the delta of the Indus, 50 miles long and 16 broad, was 
elevated about 10 feet. In Caraccas, in 1790, a forest was sunk over a space 
of 800 yards in diameter, to the depth of 80 or 100 yards. In 1783, a large 
part of Calabria was terribly convulsed by earthquakes, over an area of 500 
square miles. The shocks lasted for four years : in 1783, there were 949, 
and in 1784, 151. A vast number of fissures of every form were made in 
the earth, and of course a great many local elevations and subsidences; 
which, however, do not appear to have exceeded a few feet. In some sandy 
plains, sin/rular circular hollows a few feet in diameter, and in the form of 
an inverted cone, were produced by the water, which was forced up through 
the soil. Some of these are exhibited on Fig. 115. ^ 

Rev. Mr. Parker has described a remarkable subsidence, 20 miles in length, 
and a mile in width, just above the falls in Columbia river. Through this 
whole distance the trees are standing in the bottom of the stream, at an aver- 
age depth of twenty feet ; only that part of them above high water mark be- 
ing broken off. He could discover no evidence that this tract had separated 
from the bank of the river^ But the whole region appears to be one of ex- 
tinct volcanos, and the rivdr passes through mils and walls of basalt, and 
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nut piobabi/ tliia ii a OM of BubiideDee ftCHU ui euthqunke. The bUiki 
•re too high and rocky to adaiit of Che eipluiAtioQ that a lake has beta 
£>rmeil by the lirer cutting throueh iu kvee, and OTerfloniiig the kdjacBiit 
low giouud, nherebj, ajong the BCnnppi, a li&e with treea atandiar in it, 
is H>iiieliiiin produced Parker's Exjienug Tmr ha/ml Oit Budaf Meurn- 
tain), ji. 132. 




/ormtd'is an Earfkjmkt. 



The moet extcnBive elevation ot lond on record by DicanB of earthqaakes, 
tnok place on (he weslein coaat of South America in 1823. Theehock wa« 
felt 1300 milH along Ihe coast : and for more than 100 miles the coast was 
deraled from 3 to 4 feel; and it is conjectured Ibst an area of 100.000 
•quare miles wasthus raiaeJ up. This case, originnlty noticed by JVIre, Gra- 
ham, and subsequently by Dr. Meyen and Mr. Freyer, has excited a great 
deal of discusEion among European gcnlogietH ; nor can it yet be rogardetl m 
abanlulety eetUcd -, for Mr. Gumming, an able naturalist, nlia resided at Val- 
paraiso nt the time of the earthquake, (whose greatest power was eihibileJ 
there,) says that the spring tides rose to the same heiEhl upon a nail neat 
his house after the event as before. lUjell's Prin, GeoL Vol. 2. p. 302. 

ff-m. I. In estimating the permanent effects of earthquakes, it ooghl to 
be recollected that the changes of level which they produce, olren bdaiic« 
one another, after the lapse of a few mootha or years. 

Kcm, 3. The number of earthquakes is probibly about the same M tiat 
of volcanic eruptions, vix. about 20 aonually. 

Vertical movements of Land withoul Earthquakes. 

13 to be pretty well established, that variotis 
>nt continenU are subject to vertical more- 



Descr. It 
parts of our 
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ments, either of elevation or depression, or of both, in alterna- 
tion ; and that too in districts not known to be subject to the 
action of earthquakes, or of volcanic agency in any form. 

Exam. 1. The moBt certain example of elevation of an extensive tract 
of country in comparatively recent times, is that of the northern shores of 
the Baltic, investigated with great ability by Von Bach and Lyell. Some 
parts of the coast appear to have experienced no vertical movement. But 
from Gothenburgh to Tomeo, ana from thence to North Cap^^a di»- . 
tance of more Ihan 1000 geographical miles, the country appears^ have ' 
been raised up from 100 to SOufe^ above the sea. The breadth of the re- 
gion thus elevated is not known, and the rate at which the land rises (in 
iome places towiuds 4 feet in a century) is different in different places. Tne 
evidence that such a movement is takug place, is principally derived from 
the shells of mollusca now living in the Baltic, being found at the elevations 
above named ; and some of the oamacles attached to the rocks. They have 
been discovered inland in one instance 70 miles. L/yeWs Prin. Geol. Vol. 
1. p. 43n. 

2. Several examples aro quoted in England of elevated sea beaches with 
the remains of shells ; such as now occur in the ocean. Also in Italy ; at 
the Cape of Grood Hope ; and in the West Indies. But I may be permitted 
to doubt whether some of these cases are not rather to be explained by depo- 
sitions during the glacio-aqueous period ; since clay and sand of great thick- 
ness were then deposited. Yet Prof. Phillips says, that in most of the cases 
under consideration, the sea shells occur beneath the drift. If so, must it 
not be quite difficult to distinguish the formation from the most recent ter- 
tiary 1 3. On the margin of Lubec Bay in the state of Maine, Dr. C. T. 
Jackson describes a deposit of recent sHells, in clay and mud, with the re- 
mains of balani attached to the trap rock, 26 feet above the present hiffh 
water mark. JFHrst Report on the Oeology of Maine^ p. 18. 4. A remarkable 
ease of subsidence seems pretty well established as havin^occurred on the 
coast of Greenkuid for a dktance of 600 miles north and south. JjyeWs 
Prin, Geol. Vol. 1. p. 420, 474, 5. The history of submarine forests fur- 
nishes another example of subsidence. But this phenomenon deserves a 
fuller description. 

Submarine Forests. 

Descr. On the shores of Great Britain, France, and the 
United States, usually a few feet beneath low water mark, there 
occur trees, stumps, and peat, seeming to be ancient swamps, 
which have subsided beneath the waters, sometimes to tne 
depth of 10 feet. In many cases the stumps appear to stand in 
the spots where they originally grew ; yet it requires great care 
to ascertain this fact. For localities, see De La neche\s Manual, 
p. 151. LpelFs Prin. Geol. Vol, 2. p. 46. BO. Vol. 3. jp. 315, 
and Vol. 2. p. 140. I^n^l Report on the Geology of Massachu- 
setts, p. 307. 

Origin of Submarine Forests. It is probable that this phe- 
nomenon results from several causes. 1. When the barrier be- 
tween a peat swamp and the sea is broken through, so that the 
water may be drained off, a subsidence of several feet may take 
place in the soft spongy matter of the swamp, sufficient to bring 
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it under Wtttar. 2. From a case wliieh I liave described on 
Hogg IsUnd, in Caaco Bay. Boston Journal of Natural Hu' 
tory. Vol 1. p, 338. I nave inferred that some sabmarine 
forests may have been produced by the gradual removal of the 
contents of a peat swamp, by the retiring tide, after the barrier > 
between it and the ocean has been removed so as to form a'*' 
dight slope into the sea. At the spot referred to, the process-' 
may ha seen partly comjdeted. 3. But probably most subma- *' 
rine forests were produced by earthquakes, or other causes of 
subsidence, which we find to nave operated on the earth's suf- 
face : and the explanation of which wiU be better understood 
after the statement of more facts relating to igneous agency. 

T^rnal Springs. 

Descr. Hot springs are very common in the vicinity of 
volcanos : such as the well known geysers in Iceland. Some 
of these are intermittent, probably in consequence of the agency 
of steam within subterranean cavities. Tne great geyser con- 
sists of a basin 56 by 46 feet in diameter ; at the hottom of 
which is a well 10 feet in diameter and 78 feet deep. Usually 
the basin is filled with watar in a state of ebullition : but occa- 
sionally an eruption takes place, by which the water is thrown 
up from 100 to 200 feet, until it is all expelled from the weU, 
and there follows a column of steam with amazing force and a 
deafening explosion, by which the eruption is terminated. 
These waters hold silica in solution; as do those of the Azore 
Islands ; and extensive deposits are the result. The coating 
over of vegetables by this siliceous matter, has given rise to 
the common opinion that certain rivers and lakes possess the 
power of rapid petrifaction. 

Descr, Thermal springs are not confined to the vicinity of 
volcanos. Thev occur in every part of the globe ; and rise out 
of almost every kind of rock. They frequently contain enough 
of mineral substances to constitute them mineral waters. But 
one of their most striking properties is the evolution of gas ; 
such as carbonic acid, nitrogen, oxygen, sulphureted hydrogen, 
&c. in a free state. 

Theory of Thermal Springs, When these springi occur in 
volcanic districts, their origin is very obvious. The water 
which percolates into the crevices of the strata, becomes heated 
by the volcanic furnace below, and impregnated with salts and 

fases by the sublimation of matter from the same focus. Dr. 
)aubeny, who has devoted great attention to this subject, has 
also endeavored to show that the thermal springs not in vol- 
canic districts, in a large majority of cases rise either from tho 
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vicinity of some uplifted chain of mountains, or from clefts and 
fissures caused by the disruption of the strata ; and therefore, 
in all such cases are probably the result of deep seated volcanic 
agency, which may have been long in a quiescent state. If 
this view of the subject be not absolutely proved, it is at least 
extremely probable, tleport on Mineral arid Thermal WaierSj 
by Prof. Dmheny^ 1836, p. 62. 

Extinct Vokanog. 

Descr, Many writers maintain th^t there is a marked dif- 
ference between the matters ejected from active and extinct vol- 
canos. It is said that the more modern lavas have a harsher 
feel, are more cellular, and more vitreous in their appearance, 
and also less felspathic than the ancient. CrirardivUs Considera- 
tions suT les Volcans, p. 13. De La Beckers Manual p, 126. 
But it is doubtful whether any character will satisfactorily dis- 
tinguish them, except the period of their eruption. 

Descr. The extinct volcanos are of very diflTerent ages. 
Some of them were active during the tertiary period, some dur- 
ing the glacial period ; and some since that time. The lava, 
especially in the most ancient, was not always ejected from 
conical elevations, so as to form regular craters, but along ex- 
tended fissures. In some instances, as in a mountain called the 
Puy de Chopine in Auvergne, which stands in an ancient crater, 
ana rises 2000 feet above an elevated granitic plain, itself about 
2800 feet above the sea, there, is a mixture of trachyte and un- 
altered granite. 

Exam. I. The extinct volcanos of Auvergne, and the south of France, 
have long excited deep interest ; and have been folly illustrated by Scrope, 
BakewelT, and others. Near Clermont, the landscape has as decidedly a 
volcanic aspect as in any part of the world ; of whicn Fig. 116 will convey 
some idea. 

Fig. 116. 




Extinct Volcanoa: Auvergne. 



S. Extinct volcanos exist also in Spain, in Portugal, in Germany, alonff 
the Rhine, in Hungary, Styria, Transylvania, Asia Minor, Syria, and Paf 
estine. To the cast of Smyrna in Asia Minor, is a region called the Burnt 
District^ (Katakekaumena of the Greeks,) because it shows such striking 
marks of extinct volcanos. In the valley of the Jordan, especially around 
lake Tiberias, extending as fiir northwest as Safed, volcanic rocks abound, 
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with warm tpringi and occasional earthquakes. RobinsorCs arid SmM*s 
Biblical Researdiei in Palestine, ^c. Vol. Z.p. 312. 

Descr, That the region occupied by the Dead Sea has been some time or 
other the seat of volcanic action, can hardlj^ be doubted. For a lake so 
charged with saline matter as this, and producing bitumen, and having more- 
over cliffs of rock salt upon its margin, with sulphur occasionally, and being 
probably depressed more than 500 met below the level of the Me<fiterranean, 
must be rererred to such an agency. Robinson and Smith, Vol. 2. p. 281. 
And it has been u^ual to suppose that the five ancient dties, Sodom, Go- 
morrah, Admah, Zeboim, axHl Zoar, which undoubtedly occupied what is 
now the southern part of the Dead Sea, were destroyed by a volcanic erup- 
tion. There is a passage in the Book of Job, TChap. 22, v. 15 to 20.) whicn, 
if it refer to that catastrqphe, lends much probaJsility to this soppoatkm. Dr. 
Henderson thus translates the passage. 

" Hast thou observed the ancient tract 
That was trodden by wicked mortals, 
Who were arrested on a sudden ; 
Whose foundation is a molten flood 1 
Who said to Gk)d, depart from us, 
What can Shaddai do to us? 
Though he had filled their houses with wealth. 
(Far trom me be the counsel of the wicked !) 
The righteous beheld and rejoiced. 
The innocent laughed them to scorn : 
Surely thor substence was carried away, 
And their riches devoured by fire." 

Rem. It' may still be doubted whether an eruption has taken place in the 
vicinity of the Dead Sea so recently as the time of the overthrow of the 
cities of the plain. Indeed, my own convictions are, after reading the ac- 
counts given us by modern travellers and missionaries, especially by Robin- 
son and Smith, that this region is to be ranked among the extinct ' and not 
among the active volcanos. Dr. Robinson states that the rocks which con* 
stitutc the mountains around the Dead Sea, are limestone, and says that " he 
is not aware that the dark basaltic stones so frequent around the lake of Ti- 
berias have even been discovered in its vicini^," except a large specimen of 
augitic vesicular lava, found by Rev. Mr. Hebard, near the mouth of the 
Jordan. Researches, ^c. Vol. 2. p. 221. I possess, however, a specimen of 
dark porous lava, presented to me by the Kev. Mr. Homes with this label : 
*' from a mound once surrounded by water on the shores of the Dead Sea." 
I understood from that gentleman, who, himself, picked up the specimen, 
that the mound, or hummock, was composed of the same. It is impossible, 
however, to determine from the appearance of a single specimen, whether it 
is the product of an active or an extinct volcano, or whether it may not 
J belong to a still earlier period. It does prove, however, that igneous rocks 
have been protruded near the Dead Sea at a comparatively recent epoch. 
The specimen found by Mr. Hebard, of which I possess also a fragment, is 
more decidedly vesicular than I have ever seen any greenstone or basalt. 

Descr. "Professors Michaelis and Busching suggest, that Sodom and 
Gomorrah were built upon a mine of bitumen, that lightning kindled the 
combustible mass, and that the cities sunk in the subterranean conflagra- 
tion." Encyc. Relig. Knmcledge, Art. Dead Sea. Messrs. Robinson and 
Smith have recently suggested this hypothesis anew, and more fully illus- 
trated it, by reference to the pitch lake of Trinidad, and the remarkable pro- 
trusion of an unmelted basaltic dyke in 1820, in the island of fionda. Am. 
Bib. Repos, Jan. 1840, p. 24, also Biblical Researches in Falestinej 4^, Vok 
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& p, 669. See Objeciions to this hypothesis by Dr. Lee. Am, Bib. Eepos, 
Ajfrilj 1840, p. 324. The principal difficulties in the way of this hypothesis, 
are, first, to see how the bitumen, buried beneath a considerable thickness of 
soil, couM have burnt rapidly enough suddenly to destroy the cities and 
their inhabitants ; and secondly, to conceive of a bed of bitumen so thick, 
as by its combustion to sink the surface from the present high water mark 
to the bottom of the sea. Dr. Robinson describes the high water mark 
as seen by him '* a great distance," south of the margin of the Sea at that 
time. The sur&co) therefore, must have suffered a great depression. 
Would it not somewhat relieve these difficulties to suppose volcanic action 
eombined with the combustion of the bitumen. No geologist will doubt the 
correctness of Von Buch's opinion^ that a fault extendsifrom the Red Sea 
through the valley of Arabah and the Jordan to mount Lebanon ; and 
along that fissure we might expect volcanic agency to be active. But it 
might have produced very striking effects without the ejection of lava. 
Earthquakes sometimes cause the surface to sink down many feet, and 
flames have been seen to issue through the fissures which they produce. 
Thus might the slime pits (literally wells of a^phdWum^ have been set on 
^re, immense volumes of steam, smoke, and suffocating vapors have been 
set at liberty, perhaps, too, the remarkable rid^e of rock salt called usdum, 
have been protruded, and finally, by the subsidence of the surface' after the 
destruction of the cities, might the waters of the lake have flowed over the 
spot. In a similar manner was the city of Euphemia, in Calabria, destroyed 
in 1638. "After some time," says Ejrcher, who was near the spot, "the 
violent paroxysm (of the earthquake) ceasing, I stood up, and turning my 
eyes to look for Euphemia, saw only a frightful black cloud. We waited 
till it had passed away, when nothing but a dismal and putrid lake was to 
be seen, where once the city stood. Dr. Robinson has, indeed, made it 
almost certain that the Dead Sea existed before the catastrophe of Sodom, 
and that the Jordan, before that period, did not flow througn El Ghor and 
Arabah into the Red Sea ; but a sinking down of the surface a few feet 
at that time, is not inconsistent with these facts. But I will not enlarge 
further on a subject so difficult. Nor should I have said so much, hadl 
not read the very accurate descriptions of that country by Messrs. Robin- 
son and Smith. 

Desc. According to Prof. Parrot, Mount Ararat in Asia, is an extinct 
volcano. A specimen sent me by Rev. Justin Perkins from that moun- 
tain is decidedly vesicular lava. 

Descr. A large proportipn of the lofty peaks of the Andes and the moun- 
tains of Mexico belong to the class of extinct volcanos : and it is very 
probable, from the statements of Rev. Mr. Parker and others, that a vast 
region between the Rocky Mountains and the Pacific Ocean is of the same 
character. For although he describes the prevailing rock as basalt, and 
only incidentally alludes to volcanic cones and craters, yet in personal con- 
versation he assures me that regular craters are not un frequent ; and hav- 
ing shown him specimens of trachytes firom the continent of Europe, he 
at once identified them with rocks found associated with the basalt of 
that region. 

Descr. The size of ancient volcanic cones and craters was 

often very large. 

Exam. In the middle and southern parts of France, extinct volcanof 
cover several thousand square miles. Between Naples and Cumea, in the 
space of ^00 square miles, according to Brieslak, are 60 craters ; some of 
them larger than Vesuvius. The city of Cumea has stood three thousand 
jears in a enter of one of these volcanoe. Yesuvius f tands in the midel 
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of a yast crater, whose remains are still yisible, called Somna. The ipoi- 
canic peak of Teneriffe stands in the centre of a plain, coTeriiiff 108 sqnara 
miles, which is surrounded by perpendicular precipices anoT mountaini, 
which were probably the border of the ancient crater. Accordingto Hum* 
boldt, all the mountainous parts of GLuito, embracing an area of ^00 square 
miles, may be considered as an immense volcano, which now gets vent 
sometimes through one, and sometimes through another of its elevated 
peaks ; but whicTi must have been more active in former times, ta have 
produced the results now witnessed. We have seen that the ^eat volcano 
of Kirauea, on the Sandwich Islands, is surrounded by two circular wallsL 
one 15 and the other 30 miles in circumference; which most have marked 
the hmits of the mter in early times. Two other ancient craters exist in 
the island of Maui, one 24 and the other 27 miles in circuit. Oniikoy en 
Coral Formations^ p. 9 

Inf, From such facts it Has been inferred by many geolo- 
gists, (ex. gr. Poulett Scrope, Bakewell, Phillips, Brongniait, 
Girardin, he.) that volcanic agency in early times was more 

Sowerful than at present ; and that it is gradually diminishing. 
Ir. Lyell, however, considers this view as entirely erroneous ; 
and quotes the eruption from Skaptar Jokul, in 1783, as equal- 
ling any that is known to have occurred in ancient times. 
LyelVs Frin. Geol Vol. 2. p. 254. 

The Older Unslraiified Rocks. 

Rem. So rapid has been Ihe change of opinion respecting the origin of 
the unstratified rocks, that from an almost universal belief in thdr deposi- 
tion from water, geologists are now nearly or quite unanimous in ascrib- 
ing them to igneous agency. A brief summary of the arguments that sus- 
tain this latter opinion, will be, therefore, all that is now necessary to 
present. 

Prin. The different unstratified rocks appear to be the re- 
sult of volcanic agency, exerted at different periods under dif- 
ferent circumstances. 

Proof 1. Identity of lithological characters between recent 
lavas and several varieties of unstratified rocks. The amygda- 
loids of the trap rocks often exactly resemble those vesicular 
lavas which are cooled in the open air : while the compact trap 
rocks can scarcely be distinguished from the compact lavas of 
submarine production. Some varieties of trachyte very much 
resemble granite ; and the two rocks often pass insensibly into 
each other : so that it is difHcult to say wnether trachyte be 
melted granite, or a portion of the materials out of which granite 
was originally produced, cooled in a different manner. 

Proof 2. The insensible gradation of Ihe different unstrati" 
fled rocks vito one another. In the same continuous mass we 
find a gradual passage from trap into all the other unstratified 
rocks ; so that the same general cause that produced one variety, 
must have produced the whole. It is very rare, however, that 
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coarse granite, destitute of hornblende, graduates into trap rocks 
of the same age. In general, they appear to have been formed 
at different epochs. MaccullocKs System of Geology^ Vol. 1. 
f. 157. 

Rem. It must not be infisrred from this statement, that all the unstrati- 
fiejl rocks have resulted from the same melted mass, cooled under differ- 
ent circumstances: for the difference in their chemical composition is too 
great to admit of a such conclusion. See Section 4. p. 78. 

Proof 3. The mode of occurrence of the unstratified in relor 
tion to the stratified rocks. We have seen, (section IV.) that 
the former exist as protruding, intruding, and overlying masses, 
and occupying veins in the latter) Now these are the precise 
modes in which recent lava occurs when connected with strati- 
fied rocks : whereas no example can be produced in which rocks 
have been made to take these forms by aqueous agency. In- 
deed, it is difficult to conceive how this would be possible. 

Proof 4. The columnar structure of the trap rocks. This 
structure is not uncommon in lavas. The experiments of Mr. 
Watt also, upon 700 pounds of melted basalt, which on cooling 
assumed the columnar form, as detailed in section IV, confirms 
this view : whereas no example of such a structure from aqueous 
agency has ever been found. 

Proof 5. The. crystalline structure of some of the unstrati- 
fied rocks. When several substances are contained in an 
aqueous menstruum, it is difficult to make them crystallize ex- 
cept in succession ; whereas in granite the different ingredients 
appear to have crystallized simultaneously. And if the mate- 
rials of granite, or of glass, be melted and slowly cooled, espe- 
cially under pressure, most if not all the ingredients will assume 
more or less of a crystalline form at the same time. 

Proof 6. TA« mechanical effects produced by the unstrati- 
fied upon the stratified rocks. In the vicinity of veins and irre- 
gular masses of the unstratified rocks, the stratified ones are 
bent and twisted in every conceivable manner, and sometimes 
broken entirely. Not unfrequently also, fragments of the strati- 
fied rocks are broken off and entirely imbedded in the veins of 
the unstratified. In almost every case an upward or a lateral 
force appears to have been exerted; showing that the veins 
were filled from beneath. For examples. See MaccuUoch^s 
Geology of Glen Tilt in the geological transactions. Also his 
Geology of the Western Islands. Also Final Report on the 
Geology of Mass. pp. 414, 416, 418, 464, 6fc. Fig 1 17, shows 
a vein of greenstone, or indurated wacke, passing through a 
ledge of sandstone near New Haven, on the road to Middle- 
town, the sandstone being bent upwards. 
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Fig. 117. 




Proof 7. TV cAcMKoi effects produced upon the ttratified 
neks by the contact of the M^tutralified. TheM e^cts ue pie- 
ciMljr the same as thoM produced by dv-kes of raecnt lavt. 
Thus, compact fossiliferoas Kmeatone and chalk, whete djrkes 
of trap roeka, porphyty, and granite pass thiongh them, an 
changed into crystalliiia limeatoas : shale and sandstone are in: 
dnrated and converted into ailiceons slate or jasper ; as et 
Nahant. Mass. Newport, Rhode Island, and Rocky Hill, near 
Hartford, Ct : micaceous sandstone and other slaty rocks ate 
changed into mica slate, or hornblende slate. Now these are 
effects that could not result from any other agency with which 
we are acquainted except heat And in respect to chalk, an ex- 
periment of Sir James Hell is decisive. He confined some of 
It in a strong iron tube, and subjected it to a strong heat ; whieb, 
Ubeisting the carbonic acid, produced a powerful piessiue, aud 
the result was crystallizad carbonate of lime. Saketotlls 
Geology, p 146. 

Obj. The older unstratified rocka ptesent no exam}^ of s 
volcanic cone or crater. 

Ans. 1. They appear in general to have been produced by 
a force acting along extended fissures, and not directed to par- 
ticular foci. 2. If these cones and craters once existed, the 
powerful denuding agencies that have operated on the globe 
may have destroyed them. 

PHn. The greater degree of crystallization in the older un- 
stratified rocks, may be explained, by supposing a more perfect 
fusion of the materials than in recent lavas, and greater slow- 
ness in cooling, under perhaps the more powerfol pressure of a 
deepoceaiL 

Temperature of the Globe. 

Prin. The principal circumstances that determine the tem- 
perature of the globe and ita atmosphere, are the foll<;)wing : 1. 
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Iflfluence of the sua 2. Nature of the surface. 3. Height 
ahove the ocean. 4. Temperature of the celestial spaces around 
the earth. 5. Temperature of the interior of the earth, inde* 
pendent of external agencies. 

1. Solar heat. The solar rays exert no influence as a general 
fact, at a greater depth than about lOO feet. (Baron Fourier 
mentions 130 feet as the maximum depth 1 Poisson fixes it at 
76 feet. Am, Jour, Scimce, Vol, 32. p, 5, and Vol, 34. p. 59.) 
A thermometer placed at that depth, remains stationary all the 
year. The diurnal effect does not extend more than 3 or 4 
feet. In receding from the tropics, the amount of solar heat 
diminishes. Durin? six months it continues td iucrea^^, and to 
diminish the femaiiung si^ months. The decrease of the mean 
temperature from the equator towards the poles, is nearly in 
the proportion of the cosfines of latitude. Prof. Forbes has re^ 
cently made some observations near Edinburgh, from which it 
appears that the oscillations of annual temperature would ceasd 
at the depth of 49 feet in trap tufa, 62 feet in incoherent sand^ 
and 9 1 feet in compact sandstone. American Journal of Science^ 
Vol. 38. p. -109. 

Reni, Solar heat is the fundamental element on which depends the sur- 
&ce temperature of the globe and the character of the climate. 

Prin. The amount of solar heat is actually though very 
slightly diminishing in consequence of a change in the eccen« 
tricitv of the earth's orbit. The possible amount of this diminu- 
tion IS not known, because the limits of the eccentricity of that 
orbit are not known. But there is no probability that the an- 
nual temperature ever has changed or ever will change from 
this cause, more than 3° or 4°. Am. Jour. Sci. Vol. 36. p. 332. 
Hence this cause is insufficient to accoui^t for the extra-tropical 
heat of the present cold regions of the earth in early times. 

2. Nature of the surface. The radiating ana absorbing 
power of land is quite different from that oi water. Ice and 
snow are still more different ; and the nature of the soil affects 
sensibly its power to imbibe or give offbeat. Hence low islands 
have a higher temperature than larger continents in the same 
latitude ; and the ocean possesses a greater uniformity of climate 
than the land. 

JRem, On these facts Mr. Lyell has founded an hypothesis for explain- 
ing the high temperature of the surface of the ^lobe in northern latitudes 
in early times. He supposes that hut little land then existed in the north- 
ern parts of the globe, and that this produced so great an elevation of tem- 
perature, above what it is at present^ that tropical plants and animals 
might then have inhabited regions now subjected to almost perpetual winter. 
That the quantity of dry land in the northern hemisphere during the de» 
pontioD of the older fomnlifenms rocks wat much less than at present, i« 
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very probable; and that this would render the climate warmer and more 
uniform is made certain by comparing the climate of Great Britain with 
that of the United States. But that from this cause the climate of Canada, 
of the North West Coast of America, between GOP and 7(P of North Lati- 
tude, and even of Greenland and Melville Island, where the thermom:- 
eter now descends to 58^ below zero, was so mild and uniform as to pro- 
duce tropical ferns, lefddodendra, &c. is a position which will need strong 
proof; especially when we recollect that for several months annually they 
must have been most of the time in darkness. Those, however, who wisa 
to see this hypothesis ably defended, may consult I/ydPs Prin. GeoL Vol. 1. 
p. 160, ^c. 

3. Height above the ocean. The temperature of the air di- 
minishes one degree f Fahr.) for 300 feet of altitude : two de- 
grees for 595 feet: tnree degrees for 872 feet: four degrees 
for 1124 feet: five degrees for 1347 feet: and six degrees 
for 1539 feet. Hence at the equator perpetual frost exists at 
the height of 15.000 feet, diminishing to 13.000 feet at either 
tropic. Between latitudes 40^ and 59'', it varies from 9000 to 
4000 feet. In almost every part of the frigid zone this line de- 
scends to the surface. These results, however, are ereatly 
modified by several circumstances : so that in fact, the Line of 
perpetual congelation is not a regular curve, but rather an irre- 
gular line descending and ascending. American Journal of 
Science^ Vol. 33. p. 52. Introduction a la Geographic Mathe- 
matique et Physique, par S, F, Lacroix, p. 289. 

4. Temperature of ike celestial spaces around the earth. — 
This cannot be much less than the temperature around the 
poles of the earth ; where the solar heat has scarcely no in- 
fluence. Now the lowest temperature hitherto observea on the 
globe, (at Melville Island,) is 58*^ below zero : and this has been 
assumed as the temperature of the planetary spaces. Hence it 
follows that there must be a constant radiation of heat from the 
earth into space. 

5. Temperature of the interior of the Earthy Independent 

of Exter7tal Agencies. 

Prin. In descending into the earth, beneath the point where 
it is affected by the solar heat, we find that the temperature 
regularly and rapidly increases. 

Proof 1. The temperature of springs which issue from the 
rocks in mines, as shoton in thefollomng table. 
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Temperature of Springs in Mines, 



COUNTRIES. 



i^ 



MINE8. 



.a 






I- 
I" 





ony, 



Brittany, 



Cornwall, 
Mexico. 



Lead and Silver Mine of 

Junghohe Birk. 

do of Beschertgluck, 

do do 

do Himmelfiihrt, 

do Kuprinz, 

do Poullauen, 

do do 

do do 

do Huelffoet 

do do 

do do 

do do 

Dolcoath Mine, 
Guanaxato, Silver Mine. 



256 


48<^ 


46.9 


713 


54.5 


46.4 


840 


56.8 




735 


57.9 




634 


80.1 




128 


53.4 


52.7 


246 


53.4 




469 


58.3 




197 


54. 


51.8 


262 


59. 




394 


59. 




755 


67.5 




1440 


82. 


50. 


1713 


98.2 


68.8 



103.4 
87. 
80.7 
63.9 
18.8 

182. 

351. 
83. 
89.5 
36.4 
54.7 
48.4 
45. 
45.8 



Proof 2. Temperature of the rock in mines ; as shown in 
the following table. 



COUNTRIES. 



MINES. 



.S 

Q 






fi 



S« 




1. InU>osemaUernea/rthef€Lceoftherock, 
United Copper Mines, > 
Coal Pit of Ravin, 



Cornwall, 
Carmeaux ) 
France. > 



Littry, do. 

Decise, do. 

do. do. 



do of Castellan, 
do of St. Charles, 
do of St. Jacobi, 
do do 



2. In the rock near its sfwrface. 



1142 


87°.4 


50« 


1201 


88. 




597 


62.8 


53 


630 


67.1 


53 


325 


61. 




351 


64. 




561 


71.7 





Saxony, 



Mine of Beschertgluck, 



do 
do 
do 
do 
do 



do 
do 
do 
do 
do 



3. T^ree feet three inches mtMn the rock. 



591 


52.3 




813 


59. 


46.4 


336 


47.7 




553 


55. 




880 


59. 




1246 


65.7 





30.5 
31.1 
55.3 

40.8 
36.1 
39.3 
38.5 

101. 
67. 

174.7 
63.7 
69.8 
64.4 



Cornwall, 
Saxony, 


Dolcoath Mine. Reg-) 
ister kept 18 Months. 
Lead and Silver Mine 
ofKurpinz, ) 

do 

do 


1381^ 

413 

686 
1063 


75.6 

59.6 

62.5 
67.7 


50. 


54. 

31.3 

43.6 
49.9 



a tMtrj at WipB, Id LucmUr, Eaghnd, ■( ISO feet Jm, A< 
mhmWM eooMK^ 53° ; at 450 6m, it wu fifioiS-, >1 750 M it 

wia O^. TIai woald five ui incnMe of ooc degree bt trerj 48 feet 

.Am. Jmf. I-/ Scitma, VtLU. f. 36. 
A M^k •laMBCBt IB thi dnpnt cod mina in Giod BiiUtn, ncu S«t- 

telMd, n«a lb* Mlowins molta : del«h of tbe plan of ot 

IW: fadow Um hnd ofth* •«>, ISOO feet. " 



tha •Brfi^4T'6: taapantnre on Ae day of obaemtion, (Nor. 1&, 1831.) 
<»>: do.id'ikauru dNbottMafUisprt,6tO:ckaBtolbac<ia],e9<':d0L 
of waUr colbotad at bottooi, 67* : do. oT aaU Wats inMiiK finm a bob 
nada (1m awm day, ^D°): do. of gaa riring throosh tfie walar, 13^, do. 
oTiImi rroDt .of thanial, 68°: do. oTtba aanu^ left in a bore hole feaweek, 
71°9. HenoatheheBtincreuaallhenleoraBoQtad^iaafereTayEOfeet. 

Proof 3. Tetuporatwrt of J^rUiian Wells, m shown u tia 
laDowii^ table. 
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Ii 


fl 


u 


a 




Q 


S3 


H 


&^ 


Pari. : Fountain d« la Chmle Si. Ouen 


"216 


51-1 


55^ 


aa.7 




1800 


51.1 


S3. 


50. 


Dept. do Ganle et d» Pa> Cilaia 










181 


50,5 


54-5 


46. 


Do. d'Aire. 


W, 




55.9 


39.3 


Do. de St, VcDuit. 






57.3 


49. 


Sheeto™, England, month of the Med- 










wny, 


361 


505 


59.9 


401 


Too™, 


459 


52.7 


633 


42.5 


A nell at La TtochElle, 


369 


53,4 


M.6 


33- 


Near Berlin, Pninaia, at 


67u 


49.1 


67.66 


36.3 


Du. Ihe MQ» well. at. 


5IG 




63-95 


34.7 


Do. do. at. 


393 




(B.83 


38.5 


Wear New Bruo.wick, N. Jpfwy, at 






1 




tbedepUi. 


250 




53. j 


TL 


do. at 


394 




64. J 




Sooth HadkT. Mau. 


leol 4G.7 


52.^ 


34. 



Ren. I. Near Tienna, in Anitria, are from 40 to 50 Ariedan Welb, 
*rhoa« lemperature vanea frcHs 53° U 58°; the mean teaparatoi* at tbo 
■urbce being 50°54. At Balhraan in Wurtemhoiv, fiie welli simk from 
60 lo 113 feet bave a temperature of 55°. 

Rem. 2. Arteaiim wells bare Wtffy been applied with aneceae in Wnr- 
temburg, to preyenl fnul from atoj^ing loachineij, which was iDored l^ 
ranning water; and alao for warming a p^ier loinoflurtoiy. Who know* 
but Ibta application may prove of hnmenie benefit to aomo regioDs oT tha 
globe! Bucttand-s BndgevMter Trtatise, Vol. l.p. SC7. 

Proof 4. THermai springs. Vast numbeis of these occur 
in regions far remored from any modem Toleanic action; genc- 
nOy upon lofty mountiin rai^ ; as. upon Uie Alps, the Pyre- 
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noes, Cancasus, the Osark mountains in this country, where are 
nearly 70, &c. Their temperature varies from' about summer 
heat nearly up to that of boiling water. Nor can their origin 
be explained without supposing a deep seated source of heat in 
the earth. This argument is not indeed, as direct and condur 
sive as those previou^y mentioned, but it confirms the others. 
Proof 5. Tht existence of numerous deep seated volcanos. 
This argument is of the same kind as the last, and does not 
need any farther illustration here. 

Proof 6. Not one exception to this increase ofiniemid tem- 
perature has ever occurred^ where the experimeiU has been made 
in deep excavations. 

Inf 1. The increase of temperature from the surface of the 
earth downwards, does not appear to be at the same rate in all 
countries. The mean of all the observations recorded in the 
preceding tables, which have been made in England, gives 44 
feet for a change of one degree. In some mines in France, the 
increase is much slower, and in a few it is faster. The mean is 
reckoned at about 45 feet for each degree. In Mexico, accord- 
ing to the only observation given above, it is 45.8 feet. In 
Saxony it is considerably greater, not far from 65 feet to a de> 
gree. The few observations in this country given in the pre- 
ceding table, indicates an increase of 54 feet to a degree. 

Inf. 2. The average increase for all the countries where ob- 
servations have been made, is stated by Kupffer, to be 36.81 
feet for each degree. Edinburgh Journal of Science, April, 
1832. 

Inf. 3. At this rate, and assuming the temperature of the 
surface to be 50^, a heat sufficient to boil water would be reach- 
ed at the depth of 5962 feet, or a little more than a mile : a 
heat of 7000^, sufficient to melt all known rocks, would be 
reached at 48 miles ; and at the centre of the earth, it would 
amount to 577.000^. Cordier's Essay on the Temperature of 
the Interior of the Earth. Amherst^ 1828, p. 73. Moffatft 
Scientific Class Book^ by Prof. Johnson, Philadelphia, 183^ 
Vol 2. p. 311. 

Rem, It has been thought by many, and probably with rea- 
son, that the rate of increase in the subterranean neat, as de- 
duced by Kupffer, is too rapid. From careful observation 
upon the Artesian WeUs of Scotland, Dr. Patterson finds the 
mean increase to be one degree for every 47 feet : and from a 
more extended comparison given in Jameson's Journal, (April 
to July, 1839,) the mean increase is one degree for 65 feet : per> 
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liapa die rate of 45 feet to a degiee, fixed ^von hj the Biilbji 4. 
AflMeimtion, oifgkt to be eonsiderad the beet hithnto obtaned 
Inf. 4. Fiom the pxeeeding fkctB, end other c<dlatenl ey> 
denee, it has been infisned that all the interior of the earth, ex- 
cept a cnut firom 50 to 100 milea thick, is at preaent in a state 
ofnisioii : that originally the whole globe was meked, and thM 
its pieeent enist has beoi ibnaed hj the cooling of the soilaee 
hj radiation. 

JBms. Fig, 118 m intended to lepreaent the proportion of melted and 
anmeited matter in the earth, agreeaUj to the above inference; and on 
the a op pe iitien that the selid cmat is 100 miles thick. This ii shown by 
the broad fine that feroM the ctrcomferenoe. According to the mean jn- 
cnase of sobterranean heat stated abore, this cmst shoud be onir half as 
thiek. 

Fig. 118. 




Proof 1. Until sinne fact can be adduced showing that the 
heat of the earth ceases to increase beyond a certain depth, 
nothing but hypothesis can be adduced to prove that it does not 
go on increasing, until at least the rocks are all melted : for 
when they are brought into a fluid state, it is not difficult to see 
how the temperature may become more equalized through the 
mass, in consequence of the motion of the fluid matter ; so that 
the temperature of the whole may not be greatly above that of 
fused rock. Now if the hypothesis of internal fluidity have 
other arguments (which follow below) in its favor, while no facta 
of importance sustain its opposite, the former should be adopted. 
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. Proof 2. It appears from the experiments and profound 
matbematical reasoning of Baron Fourier, that even admitting 
•U the internal parts of the earth to he in a fused state, except 
a crust of 30 or 40 miles in thickness, the effect of that internal 
heat might he insensihle at the surface, on account of the ex- 
treme slowness with which heat passes through the oxidized 
crust. He has shown that the excess of temperature at the sur- ' 
face of the earth, in consequence of this internal heat, is not 
more than 1-1 7th of a degree, (Fahr.) nor can it ever he re- 
duced more than that amount by this cause. This amount of 
heat would not melt a coat of ice 10 feet thick, in less than 100 
yeai^i : or about one inch per annum. The temperature of the 
surface has not diminished on this account, during the last 2000 
years, more than the 167th part of a degree : and it would take 
200.000 years for the present rate of increase in the temperature 
as we descend into the earth, to increase the temperature at the 
surface one degree : that is, supposing the internal heat to be 
500 times greater than that of boiling water. From all which 
it follows, that if internal heat exist, it has long since ceased to 
have any effect practically upon the climate of the globe. An- 
nals de Chimie et de Physique, No, 27. American Journal of 
Science, VoL 32. p* 1. Phillip^ s Treatise on Geology , Vol, 2. 
p. 275. 

Bern. These results of Fourier require the application of very |)rofound 
mathematical investigations. And it may not be amiss to mention that 
the late lamented Dr. Bowditch informed me, that he had followed Fou- 
rier through all his intricate analyses of this subject ; and that the reason- 
ing was entirely conclusiye : nor did he consider his results at all invalid 
dated by the papers of Prof. Parrot, which he had also read. Those of 
M. Poisson, in opposition to Fourier, have appeared since Dr. Bowditch's 
death. 

Proof 3. The existence of 300 active volcanos, and many ex- 
tinct ones, whose origin is deep seated, and which are connected 
over extensive areas. If these were confined to one part of the 
globe, or if after one eruption the volcano were to remain for- 
ever quiet, we might regard the cause as local and the effect of 
particular chemical changes at those places, aided perhaps tnr 
electro-magnetic agencies. But if the internal parts of the earth 
are in a melted state, that is, in the state of lava ; and if this 
mass be slowly cooling, occasional eruptions of the matter oueht 
lo be expected to take place by existing volcanos. Assuming 
the thickness of the earth's crust to be 60 miles, the contraction 
of this envelope one 13.000th of an inch, would force out matter 
enough to form one of the greatest volcanic eruptions on record. 
More probably, however, the percolations of water to the heated 
nucleus, or other cause of disturbance, more frequently produces 
an eruption than simple contraction. 
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Other Hypotheses of Volcanic Action* 

Hypothesis of the metoMaids. This hypothesis, origidallj 
proposed, though suhsequentiy abondcmea, by Sir Humphrey 
Davy, supposes the internal parts of the earth, whether hot or 
eold, fluid or solid, to be composed in part of the metallic bases 
of the alkalies and earths, which combine energetically with 
oxygen whenever they are brought into contact with water, 
with the evolution of light and beat To these metalloids water 
occasionally percc^ates in large quantities through fissures in 
the strata, and its sudden decomposition produces an eruption. 
Dr. Daubeny, the most strenuous advocate of this theory at the 
present time, has brought forward a great number (^ considera- 
tions which render it quite probable that this cause may often 
be concerned in producing volcanic phenomena, even if we do 
not admit that it is the sole cause. Daubeny on Volcanos. 

Rem. 1. It is interesting to notice how the hypothesis of central heat, 
or the Mechanical Theory of Cordier, as it is often caHed, and this 
Chemical Theory of Daubeny, ftjpply almost eqaally well to the explana- 
tion of volcanic phenomena. Both agree as to the necessity of water 
beinff brought in contact with a heated mass in the earth. Both explain 
eqouly wdl the formation of vapor, the extrication of gases^ and the sub- 
limation of sulphur, salts, A». Both show why volcanos are usually in 
the vicinity of water ; " why their action is intermittent, and why the vol- 
canic power appears to have decreased in energy. The constantly active 
volcanos, especially such an one as Kirauca, are more difficult to explain 
by the chemical tneory. It must also be considered a strong obiection to 
this hypothesis, that silicum, the most abundant of all the metalloids in the 
earth, "is incombustible in air and in oxygen gas; and may be exposed to 
the flame of the blowpipe without fusing, or undergoing any other cnange." 
Turner's Chemistry^ f. 323, and that aluminium, the most abundant metal 
in the earth next to silicum, "is not oxidized by water at common tem- 
peratures : though on heating the water to near its boiling point, oxidation 
of the metal commences :— Uie oxidation, however, is very slight." Tur- 
neTj p. 316. 

Rem. 2. There is not necessarily any discrepancy between these two 
theories : for admitting even igneous fluidity in the earth, the nucleus may 
nevertheless be metats uncombined. Hence some distin?iiished advocates 
for the doctrine of cent;ral heat, have also adapted partidly or wholly the 
other theory. Ex. gr. De la Beche^ in his Theoretical Oedogy / arid Prth 
fessor PhiUipSf in his TVeaf-ise on Geology in the Encyclopedia BriUanica. 

Modified Chemical Theory. Some geologists have called in 
the aid of electricity to assist in the decompositions and recom- 
positions that result from volcanic agency. By this means the 
temperature of the uncombined metals is raised, so as to cause 
them to become more readily oxidized. This is the view ad- 
vanced by Mr. Lyell. Principles of Geology^ Vol. 2. p. 449. 
This hypothesis includes of course, as one of its elements, the 
earlier hypothesis of Lemery and others, who imputed volcame 
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jjAienomena to tke combustion of eoal, bituiBen, &o. and tho de- 
composition of the sulphate of the metals* JFVr €m accouni of 
numerous modifications of opinion respecting the cause of vol- 
canic agency^ see Girardin Sur les Volcans^ p, 84. 

Pro^ 4. The Spheroidal Figure of the Earth. Its fozm is 
! precisely that which it would assume, if whik ia A fluid stato^ 
It began to revolve on its axis with its present vidocity ; and 
hence the probability is strong that this was the origin of its 
oblateness. But if originally luid, it must have been igneous 
fluidity : for since the solid matter of the globe is at present 
50.000 times heavier than the water, the idea of aqueous nuidity 
is entirely out of the question. 

Other suppifsUions. 1.^ Some maiatain that the earth was created in ita 
present oblate form. This is indeed possible ; because God could have giren 
It any form he pleaded^ But there is no proof that such was the &et : wliHe 
on the other hand, we may always assume that whenever we can see natural 
canses for natural pheaomena, thev were produced by those causes : unless 
we can see some reason for special Divine interference. 8. Sir John Her- 
schel has suggested the possibility of accounting for the flattening at tibe poles, 
by causes now in action ; though Sir John does not maintain uat such was 
actually the mode in which it took place. He sujpposes the earth to haTe 
been created a uoilbrm sphere, covered by an uniform ocean : and to have 
commenced a rotation on its axis, as at present The water of course would 
rush towards the ei^uator, leaving the polar regions dry, and v«ry much ele- 
vated. But as this great equauSial ocean wore down its shore^ the land 
would gradually be carried towards the equator, and spread over the bottom 
of the sea, and ultimately be elevated so as to form the present continents. 
It is fiardly necessary to say, that the present distribution of land tmd water, 
and the form of continents, do not accord with such a mode of formation: 
and so improbable is the klea that two vast continents, around the poles^ 
with a height of nearly 13 miles, have been thus worn down and canned 
thousands of miles towards the equator, that though theoretically possible, it 
must be regarded as practically impossiUe. Prof. PhiUip^s Treatise ou 
Geology f p. 8. 

Proof 5. The tropical and ultra tropical character of or- 
ganic remains found in high latitudes. If the globe has passed 
through the process of refrigeration, as the hypothesis of origi- 
nal igneous nuidity implies, there must have been a time, be- 
fore reaching its present statical condition, when the surface had 
the hieh temperature denoted by these remains : and that period 
must have been very remote ; since no essential change cif teaih 
perature from internal canses has taken place for thousaads of 
years. A climate, also, chiefly dependent on subterranean 
agency, would be more uniform over the whole globe, than one 
dependent on solar influence ; and such appears to have been 
the climate of those remote ages. Hence we may reasonably 
impute that temperature to internal heat ; if some olher mora 
probable cause cannot be found. 

22 
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Other Supp os iHmu. 1. It has already been stated, that Mr 
Lyell baa pr op osed an hypothesis, dependent npon the relative 
height of tana in high latitades at different periods, to e:i^[dain 
the tropical character of organic remains, without the aid of 
aeciyar refrigeration. But that hypothesis has been already 
sofficientlT explained. 2. Another hypothesis has been at- 
Tanced with mnch confidence by certam writers, not however 
practical g e ol o gists , to the same e£^t It supposes these or- 
ganic remains to have been drifted after death from the torrid 
Bone. But their great distance m. generri from the torrid zone, 
the perfect p res e rv a tion, in nmny cases, of their most delicate 
parts, with other evidences of quiet inhumation near the spot 
where they lived, each as the preservation in several cases of 
ihe softer parts of the animals, render such a supposition wholly 
nntenaUe. 

Proof 6. T%e fact tkmi nemrlf all the crust of the globe has 
been in a mdted state. As to the nnstratified rocki^ there will 
scarcely be a dissenting voice among geologists, to Uie opinion 
that they are of igneous origin, and have been melted. As to 
the detrital, or fbssiliferous rodcs, also^ it wiH be admitted by 
all, that they were orijnnaUy made up of fragments derived 
from the primary stratined or unstratined rocks ; and that con- 
sequently, so far as derived from the latter, they have been 
melted. And in regard to the primary stratified rocks, also, 
although there are two diflbrent tTOories as to the mode in whidi 
they have been produced, yet both admit either of the entire 
fusion of these rocks, or of their having been so highly heated 
as to be able to assume a crystalline arrangement Hence if 
the entire crust of the globe has been fused, it is a fair pre 
sumption that it was the result of the hision of the whole globe 

Proof 7. This theory furnishes us with the only known adt 
quote cause for the elevation of mountain chains and continents 

Other supposed causes of elevation, 

I 1. Earthquakes. Examples have been given in another plaeb 
(p. 236.) of small and limited elevations of land, produceid by 
earthquakes. And it has been maintained that an indefinite 
repetition of such events might elevate the hi^est mountains, 
if they took place on no larger scale than at ]»esent. But it 
seems to be satisfactorily proved, that some elevations at least, 
such as those producing tne enormous dislocations in the north 
of England, have occurred to an extent of several thousand feet, 
by a single paroxysmal effort ; whereas the mightiest eficts of 
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amodarn eurthquake kaye porodueed eleyatioiu only a few feet; 
and in most cased the uplifted surface has again subsided. 
Again, there is little probability that a succession of earth- 
quakes should take place along the same extended line through 
so many aees, as woukl be necessary to raise some existing 
mountain diains. Earthquakes may explain some slight yep- 
tical moyements of limited districts ; but the cause seems alto- a 
gether inadequate to the effeet, when applied to the eleyatioB 
of continents. 

2. ExpaTuian />fihe rocks hy hemt, C6L Totten, who is now 
at the head of the Topographical Bureau in this country, has 
made some accurate experiments on the expansion of rocks by 
heat. A block of granite, ftye feet long, by a chan^ of tem- 
perature of 96^ F. expanded 0.027792 inch : crystalbne marble, 
0.03264 inch : sandstone, 0.054914 inch. By these data it ap- 
pears, that were the temperature of a portion of the earth's crust 
10 miles thick, to be raised 600^, it would cause the surface to 
rise 200 feet. This would be a greater thickness than could 
be produced by the accumulation of detritus at the bottom of 
any ocean, whose temperature might be raised on the hypothe- 
sis of Prof. Sabbage. Yet a stilT greater thickness might be 
heated, proyided any new and extensiye foci of heat should be 
produced deep beneath the surface of the globe. Still this ac* 
cession of heat would finally be dissipatea by radiation ; and 
then the surface would again subside. This cause, therefore, 
though it may perhaps explain such yertical moyements of par- 
ticular regions as are taking place in Scandinavia, Greenland, 
Italy, England, &c. seems inadequate to account for the per- 
manent eleyation of large continents. If they had been raised 
in this manner, and the same remark applies to some ^extent to 
earthquakes, we should hardly expect to find seyeral distinct 
systems of eleyation on the same continent, nor so many exam- 
twes of yertical strata. Ninth Bridgewater Treatise, by Prof, 
nabbagCj p. 193, Am, Ed. 

3. Unequal contraction and expansion of land and water by 
cold and heat. Assuming the mean depth of the ocean to be 
10 miles, and that it had cooled from bouing heat to 40^ F. its 
yolume would contract about 0.042 ; while the contraction of 
the land would be only 0.00417. This would produce a sink- 
ing of the ocean of 697 feet Phillipis Geology, p. 277. An 
increase of temperature would produce an opposite effect : yiz. 
the partial submersion of the land ; though it would be less 
than the desiccation, because of the greater area oyer which 
the water would flow. Admitting these changes of temperature 
to haye taken place^ and the theory of central heat supposes 
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tlw f ovmer, tliat ii, the Mfrigeradan, they eonld not aeeonnt for 
ike desiecation of tke riobe, because the tilted ecMiditioii of the 
etrata ahowa that the land has been raised np: wheieaa this 
theory implies a nmre draininf^ of the waters. 

4« A change in the posUion ofthejndes of the ghbe. This 
hypothesis,— Hiot long since so much in Togae, — wonld ein^ain 
f how eontinents onee beneath the ocean aie now abore it, if we 
admit the fbim of the earth befoie the change to hare been the 
same as at present : ris. an oblate spheroid. But it would not 
explain the tilted condition of the strata, nor is it snstained by 
any analogom phenomena which astronomy describssi 

EUvaHon hf Central Heat* 

First mode. It is possible to conceiye that Totoanie powei^ 
acting as at present, but with yastly greater uiteosity, might 
haye lifted up continents : for their elevaticm, in part at Idask, 
appears to haye been the result of local forces acting beneath 
the earth's crust 

Second mode. A more probable hypothesis, snneeted hy 
Beaumont, imputes the present ndgea and furroweiocoDdition 
of the earth's surface to a collapse tf Us consolidated crust upon 
its contracted interior nucleus. This may be iDustiated by 

Fig. iia 

Fig. 119. 




The evier circle rqpreseali the craat of the eavA^ after it had beeeme osn- 
■oiidated ahore the n^oid man within. Thia he«ted naoleiifl would go ob 
contractine aa it cooled^ while the cmst would renMdn Beariy of the flame 
size. At lenffth, when it heoune necessary ibr the crost to accommedate i^ 
•elf to the nnci 
tilisg down 



If II cooieOj wmie ine cnisi woum lenMon neany oi rae nmv 

i|rth, when it heoune necessary ibr the cmst to accommedate i^ 

icieus, contracted say to the inner circle, it could do this only by 

in soaae plaeea and riring in others i aa is represented hy tho 
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ifz^gnlar line between tke two ctrdes. Tfaui would the fearfiuse of the earth 
become plicated by the sinking down of some parts by their gravity, and the 
elevation of -correspondent ndges by the lateral pressure. The prindpal 
ridges thos produced, must coincide very nearly with a great ciide : and as 
the earth's crurt made successive efforts to accommodate itself to the coa- 
etantly contracting nucleus, ridges would be produced in different directions, 
crossing one another ; and thus the various systems of devation known to 
exist on the ffiobe, be formed at various epochs. 

Obj, Such a shortening of the earth's diameter as this hypothesie sup- 
poses, would increase the rapidity of its rotary motiira. and ahoiten the leiq;tlh 
of the day: whereas astronomy phows that for 2000 years no such change 
has takenplace. 

Am. That period is too short fidrly to test the point; since it requires a 
lonff time fkff the teiMion upon the crust of the globe to become so great mm to 
produoe a fracture ; and this may not have occurred since that time. If 
there be any flexibility however, in the earth's crust, gravity must produce 
some depression of it in some places, and elevation in others, before the ten- 
rion is great enough to produce a fracture. And possibly this may be the 
origin of some eases of alight subsidence or elevation on record. 

Origin of the Primary Stratified Rocks, 

Rem. The way has not previously been preoared for a full understanding 
of the hypotheses above alluded to, concerning toe origin of the primary strati- 
fied rocks; because both of these depend more or less upon internal heat 

First hypothesis. According to this hypothesis tbe stratified 
primary rocks are merely the mechanical or fossiliferous rodcs 
altered by heat As these accumulated at the bottom of the 
ocean, heme much poorer conductors of heat than water, they 
would confine the internal heat that was attempting to escape 
by radiation, until it became so great as to bring the matter into 
a crystalline state : but not great enough to produce entire fu- 
sion, so as to destroy the manm of stratification. 

Arguments in favor of this Hypothesis, 

1. Numerous facts show that the molecular constitution of 
solid bodies may undergo great changes, without much change 
of the general form ; and even without any great elevation of 
temperature. Thus the heat of the sun alone, will change pris- 
matic crystals of zinc into octahedrons : an4 the same takes 
place with sulphate of nickel. Connection of the Physical 
Sciences by Mrs. Somerville, p. 130. Indeed, Dr. Macculloch 
says he has completely proved by experiments, that " every 
metal can completely change its crystaUine arraneementa while 
solid, and many of them at very low temperatures. ' System of 
Geology J Vol. 1. p. 190. Analogous changes have taken place 
in sandstone beneath trap rocks : in trap rocks after they nave 
become solid j and in solid glass. Hence the presumption is in 

28» 
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Iram internal heat 

2. Hie hB&t nqninte £» die eonTezauni of mechaniral into 
cryvteDiikB lodu, widKNit destEoying tke stratified stmctue^ 
max hare been derived eitlwr from an intenial Seated nnelm 
in Uie eaitli, wlien ike craat was thinner than at present, as it 



dniinff ike period in wldck tke primary strata were de- 
posited, ormm loeal mielei of heat, propagated npwaids ikNSQf^ 
detritus, aceoiding to the theory or Prat Bahbage. 

3. Geol<wy furnishes numerous examples in which the me- 
ehanieal or msili&rons loeks have been conyerted b j heat into 
primar y cr ystaDixed rocks in limited spots by the agency of 
neat, when dykes of granite, wrjhjry^ trap locki^ or recent 
lava, pass throu^ fragmentary deposits, for a certain distance 
' ~ » of uie djTKe these converri 



on the sides of the dyke these converrions hare taken place. 
Chalk and earthy limestones are in this manner in Ireland, con- 
Terted into crystallised marUe : and the same efiect was pro- 
duced upon chalk by heating it powerfully in a sealed gun 
barrel Experimental proof has also been furnished by the 
chemist, that quarts rock is merely sandstone altered by heat; 
as is shown also at Salisbury Craig, Teesdale, and Shropshire^ 
in Great Britain, where sandstone and basak come in contact. 
In Shetland, argillaceous sbite, when in contact with granite, is 
changed into hornblende slate. Clay slate is obviously nothing 
but clay that has been subjected to strong heat and pressure. 

4. The primary stratified rocks still retain marks of a me- 
chanical origin. The general appearance of gneiss and mica 
slate is that of fragments of crystals, more or less worn and 
rounded, and then re-cemented by heat. But real conglome- 
rates occur which yet have all the characters of the primary 
stratified rocks, except perhaps gneiss. Thus, I have in my 
cabinet from Bellingham in Massachusetts, a perfect and highly 
crystalline mica slate, which contains as perfectly rounded peb- 
bles of quartz as any secondary conglomerate ; also a talco- 
micaceous slate of the same character, from Rhode Island, which 
abounds in crystals of magnetic oxide of iron. These rocks 
are connected with transition slates on the one side, -nnd with 
primary slates on the other. I have also, perfectly distinct con- 
glomerates of quartz rock, made up of rounded fragments of 
quartz, cemented by comminuted materials of the same kind. 
The strata of this rock in Berkshire County, in Massachusetts, 
are associated with gneiss and mica slate ; all of which at the 
spot, ^in Washington^) stand upon their edges. 

Obj. 1. There is little probability that detritus is conveyed 
to the bottom of the ocean m quantities sufficient to cause such 
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an aeenmnlation of internal heat, as would conrert meclianieal 
into crystalline rocks : — a degree of heat nearly equal to that 
which would melt them. True, the heat would accumulate in 
these deposits to a certain degree : but not beyond what exists 
in the solid crust of the earth generally ; and this would require 
us to descend nearly 50 miles, before a temperature would be 
reached sufficient tot the purpose. Unless, therefore, this 
theory supposes a much higher temperature on the globe when 
this change took place, than at present, (and most of its advo- 
cates deny this,) the requisite heat could not have been ob- 
tained, especially as in many cases the primary rocks extend to 
the surface, and do not appear to have ever been covered with 
newer ones ; so that there must have been heat enough to pro- 
duce this transformation immediately beneath the waters of the 
ocean. 

2. The difference in chemical composition between the pri- 
mary and the newer rocks, is opposed to the idea that the for- 
mer are only modifications of the latter. For we find that some 
of the ingredients, lime and carbon for instance, are far more 
abundant m the newer than in the older rocks. This difference 
points of course to a different origin. 

3. If all the stratified primary rocks are metamorphic, we 
ought to find in them occasionally, especially in the limestones, 
traces of organic remains. For examples are not uncommon, 
in which the traces of such remains are found, (of which a de- 
scription has been given in Section Y,) in calcareous rocks 
which have become perfect crystalline limestones, as in the en- 
crinal limestone : and in other rocks which are converted into 
vesicular trap by the agency of heat. It is incredible, there- 
fore, that if the remains of animals and plants once existed in 
these rocks, as numerous as they now exist in the secondary 
rocks, they should all have vanished ; since it is certain, that 
the heat which produced the metamorphosis, was not great 
enough to obliterate the stratification. 

Second hyj>othesis. This hypothesis supposes the primary 
stratified rocks to have been formed, partly in a mechanical, 
and partly in a chemical mode, by aqueous and igneous agency, 
when the temperature of the crust of the globe was very high, 
and before organic beings could live upon it. 

Arguments in favor of this Hypothesis, 

I. It shows why, amid so much evidence of chemical agency, 
in the formation of the primary rocks, there is still so much 
proof of the operation of mechanical agencies. For in that 
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State of the globe, when its crust had cooled only so far as to 
allow water to exist upon it in a fluid state, volcanic agency 
must have been far more active than at present : and conse- 
quently the agitated waters must have worn away the granite 
at their bottom extensively. But as the heated waters would 
eontain a ereat deal of silica, and other ineredients which would 
readily faU down as chemical deposits, the abraded materials 
Would be consolidated before they nad become entirely rounded 
•into pebbles ; so that the compound might, upon the whole, be 
regarded as of chemical origin ; and yet not be destitute, as 

Sneiss and mica slate are not, of the marks of attrition. In- 
eed, it would be strange, if in some instances the attrition did 
not proceed so far as to produce the materials for a perfect con- 
glomerate; as the facts mentioned under the last hypothesis 
snow was sometimes the fact. 

2. It shows us why silicates predominated in the earlier 
periods of the globe ; and why limestone and carbon were more 
abundant at later periods. Thermal waters, it has been shown 
in another place, often contain an abundance of silica in solu- 
tion ; but cold water never does. Again, by heating water to 
the boiling point, the carbonic acid is all driven off: and with- 
out this acid, carbonate of lime could not be held in solution to 
much extent : and farther, hot water will dissolve much less 
quicklime than cold; the proportion being as 778 to 1270. 
Hence the heated seas of those early times would contain and 
deposit more of silica, but less of lime, or carbonate of lime, 
than under existing circumstances. Another cause why less 
of carbonate of lime is found in the older rocks, is, that animals 
did not then exist to eliminate lime from its other combinations, 
and convert it into the carbonate. 

3. It explains the absence of organic remains in the primary 
stratified rocks. It shows that the temperature was too high, 
and the surface too unstable, to allow of the existence of ani- 
mals and plants. And if they had existed in as great abun- 
dance as at present, — an assumption which is made by the pre- 
ceding hypothesis, — it is incredible that some traces of them 
should not remain : for if the fusion of these rocks was not so 
entire as to obliterate all marks of mechanical agency, if, in fact, ' 
perfectly rounded pebbles still occur in them, there is no reason 
why the harder parts of animals should not also remain : We 
have examples where the traces of organic remains exist in 
rocks, that nave been almost entirely fused : — at least so much 
melted, as in the case of a vegetable stem in trap, in the valley 
of the Connecticut, that it is converted into decided vesicular 
amygdaloid; and yet its vegetable character can scarcely be 
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doubted. {See a fine Specimen in Amherst College, and anoiker 
in the State Collection of Jdassackiisetts, at Boston,) We may 
hence infer, with no little confidence, that organic life did not 
exist on the globe when the primary rocks were in a course of 
deposition, and this hypothesis explains the reason. 

4. It ^explains too the reason why carbon is much less abun- 
dant in the older than in the newer rocks. Organic beings are 
undoubtedly the source of most of the carbon in the rocks : — 
and of course it would be found in small quantities where 
neither animals nor plants existed. 

Rem, Dr. Maccalloch does indeed state that he £)Uiid organic remaini 
(ortkocerataf) in quartz rock, connected with eneiss, in Suntlerland; but 
other distinguishcKi geoIogisU (Sedgwick and ^urchison,) have failed in 
finding any at that spot. He thinks, also, that fragments of shells occur 
in hornblende slate in Glen Tilt Syaiem of Geology ^ Vol. 1. p. 418. Yon 
Dechen also mentions fossiliferous graywacke, interstratified with gneiss 
and mica slate in Bohemia. But facts of so anomalous a character need 
still further confirmation. PkilUps^s Geology ^ p. 78. 

5. It explains the imperceptible gradation of gneiss into 
granite, which we often witness. For if thick beds of gneiss 
were deposited upon the granite, under the circumstances sup- 
posed by the hypothesis, it is easy to conceive how the internal 
neat should accumulate in the manner explained by Prof Bab- 
bage, so as to melt the granite chist anew, and to extend the 
fusion into the lower beds of the gneiss ; at least so as to pro- 
duce an almost entire obliteration of the lines of stratification, 
and form numerous niduses of perfect granite in the gneiss. 
This hypothesis explains the passage ot these two rocks into 
each other, better than the first nypoQiesis ; because it supposes 
a higher temperature beneath and upon the earth's crust at the 
time of the formation of the gneiss. 

Rem, The most important objectionii to this hypothesis are embraced in 
those which are urged against the doctrine of internal heat in general ; and 
therefore, it will be necessary to state only the latter. 

Objections to the Doctrine of Internal Heat. 

Ohj, 1. // has been maintained that the high temperature of 
deep excaviUio'M may be explained by chemical changes going 
on in the rocks ; such as the decomposition of iron pyrites by 
mineral waters, the lights employed!^ by the workmen, the heat 
of their bodies, and especially by the condensation of air at 
great depths. 

Ans, In the experiments that have been made upon the 
temperature of mines, care has been taken to avoid all these 
sources of error except the last, (which are indeed sometimes 
Tery considerable,) and yet the general result is as has betn 
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stated ; nor is there a single example on the other side to h 
date that result. As to the condensation of air in mines, Mr. 
Fox has shown that the air which ascends from their bottom^ is 
much warmer than when there ; so that it carries away instead 
of producing heat. Cordier's Essay on the Ttmperaimre ofth% 
I%terior of the Earth. Edinburgh Jowmat of Science^ 4P*^ 
1832. { 

Obj,^, T^tempenOmtof ike Ocean, Prof. Parrot, who urges tiiii ob- 
jection, TOcapitalated the reeulu of the inoet aoeunte obsenratioiM upon the 
temperature of the ocean : "1. That the temperature diminishee aa the 
depth increases : 2. That it diminishes at first rapidly, then very slowly. 
From the surface to the depth of 3478 feet, it diminiahM more than 41^F. 
and from that to 5490 feet, less than 2^." American Jawnud of Saence, 
Vol. 26. p. 12. According to De La Beehe, there are some exeeptkiiis to 
these conclusions, emcuSly in high latitudes. In fresh water lakes, the 
same observer found that the temperature decreased till it had nearly 
reached 40"F, when it continued nearly the same to the greatest measured 
depth. Manual of Geology ^ p. 20. Facts of this sort Prof Panot consid- 
ers as directly at variance with the idea of internal heat 

Ans. Taking the conclusions of Prof. Parrot as true, they are just 
what we might expect would be the temjperature of the ocean, whether 
the earth had intemid heat or not. For it appears that the strata of wa- 
ter arrange Uiemselves according to their specific gravities. The warmest 
particles being the lightest, of course rise to the top ; and the coldest nnk 
to the bottom: just as we find to be the case in a vessel of water that is 
being h.-ated over a fire. But when fresh water has descended to the 
temperature of 40^F. it be^ns to expand, and therefore water bdow that 
degree will not sink but nse. Yet experiments show that it rarely goes 
lower than that degree ; and therefore, when the water has reached it, or 
nearly reached it, we might expect that the temperature at greater depths 
would be nearly the same. Salt water continues to contract until it 
reaches the freezing point, which varies from 32^ to 4^, according to the 
amount of salt which it contains. Hence we might expect that the tem- 

Serature of the sea, exccnpt perhaps in very cold latitudes, would decrease 
own wards until it reached a temperature below which it rardy descends; 
after which we should expect a uniform temperature to this greatest depths. 
A few observation^, indeed, are on record, which can hardly be reconciled 
to the general principle that waters of lakes and oceans arrange themselves 
according to their specific gravities ; yet such cases prolMtbly result fronf 
local causes of variation, upon the whole it seems that the facts in respect 
to the ocean's temperature, ndther prove nor disprove the doctrine of in- 
ternal heat. ^ ] 
Rem. Some have supposed, that since the ocean has a depth of several i 
miles, the water at its oottom ought to be in a state of ebullition, if thej 
doctrine of internal heat be true. But there is no reason to suppose the 
eiirth's crust to be thinner there than on dry land; and hence no mora 
heat will escape into the waters by radiating from the eiurth, than escapes 
into the air ; which, as we have seen, according to Fourier, is a veiT 
small (quantity: not sufiicient to afiect the temperature of water or air 
perceptibly. 

Obj. 3. " If the central heat were as intense as is represent- 
ed, there must be a circulation of currents, tendine to equatize 
the temperature of the resulting fluid, and the solid crust itself 



OMTKOTIOirS to THB DOCTRINB OV INf SftMAt ttBAT. 268 

would be melted.'' — << If the whole planet, for example, were 
composed of water covered with a spieroidal crust of ice Mtj 
miles thick, and with an interior ocean having a central heat 
about 200 times that of the melting point of ice, &c : — if it must 
be conceded, in this case, that the whole spheroid would in- 
stantly be in a state of violent ebullition, that the ice instead 
of being strengthened annually by new internal layers, would 
soon melt and form part of an atmosphere of steam, on what 
princijile can it be maintained that analogous effects would not 
follow in regard to the earth under the conditions assumed in 
the theory of central heat ?" LyelFs Prin. Geol. Vol, 2. p, 
440, and 449. 

. Ans. In the first place, it is not essential to the doctrine of 
central heat, that a temperature very much exceeding that 
requisite to melt rocks, (7000^F.) should exist in any part of 
the molten nucleus. It may even be admitted that the whole 

globe was cooled down very nearly to that point, before a crust 
egan to form over it For still, according to the conclusions of 
Fourier, it would require an immense period to cool the inter- 
nal parts, so that they should lose their fluid incandescent state, 
after a crust of some 20 miles thick had been formed over them. 
In the second place, we have the case of currents of lava, which 
cool at their surface, so as to permit men to walk over them, 
while for years, and even decades of years, the lava beneath is 
in a molten state^ and sometimes even in motion. And if a crust 
can thus readily be formed over lava, why might not one be 
formed over the whole globe, while its interior was in a melted 
state : and if a crust only a few feet in thickness, can so long 
preserve the internal mass of lava at an incandescent heat, why 
may not a crust upon the earth, many miles in thickness, pre- 
serve for thousands of years the nucleus of the earth in the 
same state 7 True, if we immerse a solid piece of metal in a 
melted mass of .the same, the fragment will be melted ; because 
it cannot radiate the heat which passes into it : but keep one 
side of the fragment exposed to a cold medium, as the crust of 
the earth is, and it will require very much stronger heat to melt 
the other side. If the tsrust of the globe were to be broken into 
fragments, and these plunged into fluid matter beneath, pro- 
bably the whole woula soon be melted^ if the internal heat be 
strong enough. But so long as its outer surface is surrounded 
by a medium, whose temperature is at least 58^ below zero, 
nothing but a heat inconceivably powerful, can make much im- 
pression on its interior surface. In the third place, a globe of 
water intensely heated at its centre, and covered by a crust of 
ice, is not • just illustration of a globe of earth in a similar con* 
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dition, covered by a erast of rocks and soils. For between ioe 
tod water there is no intermediate or semi-fluid condition. Am 
soon as the ice melts, there exists a perfect mobility among the 
particles ; so that the hottest, because the lightest, wonkl always 
be kept in contact with the surrounding crust of ice, and melt 
it continually more and more : especially as ice, bein^ a per&et 
non-conductor of heat, would not nermit any of it to pass 
through, and by radiation prevent tne melting. On the other 
hand, oetween solid rock and perfectly fluid lava, there is every 
conceivable degree of spissitude ; and of course every decree « 
mobility among the particles. Hence they could not in that 
semi-fluid stratum, arranee themselves in the order of their 
specific gravities; and therefore, the layer of greatest heat 
would not be in contact with the unmelted solid rock. True, 
the heat would be diffused outwards, but so long as the hard- 
ened crust could radiate the excess of temperature, the melting 
would not advance in that direction. This would take jdace 
only when the heat was so excessive, that the envelope could 
not throw it off into space. 

Obj. 4. It is maintained, that if the earth was origuiallj in a flnid or 
gaseous state, and subsequently condensed, the solidiBcation would com- 
mence at the centre and proceed outwards. The solidification oC a nu- 
cleus at the centre by pressure, would throw out much heat, hj which a 
layer around the nucleus would be expanded, so as to become lighter, and 
to cause heavier particles to take its place. These would at length become 
solidifip<1, and thus would this process mdually advanee towaras the ci^ 
cu inference of the globe, until the whole was converted into a solid mass. 
This is the view of M. Poisson. See Am. Journal of Science, Vol, 34. 
p. 61. 

Afis. If it be admitted that the order of solidification in a globe conden- 
sing from a fluid or a gaseous state, would be from the centre to the dr- 
curoference, while that globe was surroonded by a medium of very high 
temperature, yet if the temperature were such as actually surrounds tEe 
earth, radiation must produce a crust over the surface: and when once a 
solid crust was formed, then the conclusions of Baron Fourier, already ex- 
plained, would follow. Even though enormous pressure nught make the 
central parts more dense than the crust, still this would so confine the 
heat that a high temperature might exist in the interior. In every case 
in which experiments have been made upon the cooling of intensely 
heated bodies, a crust forms over the surface, which much retards the re- 
frigeration of the central parts. All known analogies, therefiire, are op- 
posed to this hyfMthesis. 

Hem. M. Foisson resoits to a most extraordinary supposition to ex- 
plain the observed increase of temperature as we descend into the earth. 
He assumes as true, the suggestion of th^^Ider Herschel, that Uie solar 
system is in motion through space, and that the temperature of this space 
is so different in different parts, as to heat the earth to a great deptn at 
one time, and then, while passing through the firigid regions, it is grodually 
giving off its heat. It is hardly necessary to say, that sudb a movonent 
of the solar system as is here supposed has scarcely nothing bat oonjecCure 
to prove k. Bat if it be admitted, we cannot imi^ine wfasi endaaee 
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Aien k, thtt diffeient portioiM of the qmoe pasted ofer ■hould have more 
than a Teiy alight difference of temperature. Thia ia, tbecefore, an hyw' 
thesis based upon hypothesis. WkewdPs But, ImUta. ScL Vol. 3. ji. 564. 

Hypothetical state of the Globe in the earliest Times. 

Rem. The theory of central heat, as already explained, extends no fhr- 
ther back in the world's history than to the time when the globe was in 
a state of fusion from heat : and the chemical theory, which ascribes sub- 
terranean heat to the oxidation of a metallic nucleus, does not necessarily 
describe the state of things in the beginning. But the mind naturally in- 
quires, whichever of these theories is i^opte^ what was the state of thinss 
at the commencement, or at the earliest period of which we can obtam 
any glimpdes. To gratify this curiosity the two fi)Uowing hypotheses ha^e 
been suggested. It ought, however, to be remarked that though they be 
entirely groundless, the theories of central heat and of the oxidation of 
a metallic nucleus, may nevertheless J)e true. 

First hypothesis. This is advanced by the advocates of 
original igneous fluidity, and supposes that previous to that 
time, the matter of the eiobe had been in a state so intensely 
heated, as to be entirely dissipated, or converted into vapor and 
gas. As the heat was gradually radiated into space, condensa- 
tion would take place : and this process would evolve a vast 
amount of heat, by which the materials would be kept in a 
molten state, until at length a solid crust would be formed as 
already explained. 

Arguments in favor of this Hypothesis, 

1. The nature of comets shows that worlds may be in a gaseous state. 
These bodies appear to have " no more solidity or coherence than a cloud 
of dust, or a wreath of smoke," — "through which the stars are visible 
with no perceptible diminution of their brightness." WheweWs Bridge" 
mooter Treatise^ p. 192, 153. Sometimes, however, they appear more dense 
towards their centre, and well defined circular nuclei have been seen in a 
few. It has been thought, also, that some of them become more dense at 
their successive returns. Dr. Herschel regards them all as self luminous. 
Now in such facts do we not see a striking resemblance to the early con- 
dition of our globe, according to this hypothesis — to its condition before it 
bad become so much condensed as to be a fluid incandescent mass. 

2. The nebula appear to be similar in composition to comets: though 
not yet actually converted into comets. They prove that a vast amount 
of the matter of the universe actually exists in the state of vapor. 

3. The sun, and probably the fixed stars, appear to be examples of im- 
mense globes so fiir condensed as to be in a fluid state by intense heat. 
This heat, perhaps, is still powerful enough to dissipate the more volatile 
materials, which form a vast zone around the sun's equator and produce the 
zodiacal light. 

4. The process of refrigeration appears to be still farther advanced upon 
the moon : so much so, that it has ceased to be self-luminous. And yet 
its entire surface bears the marks of volcanic desolation: so that it is 
doubtful whether even yet it is in such a condition that beings like man 
could inhabkit. Bakeweffs CMogy, p. 381 

23 
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Hecond hypotke$ii. This hrpodiesis mfuwEA ^e ^be to 
liftve been created a mass of combnitiblea and metab nncam- 
Lined : to which were euddenlj added water: the aiaaospheie, 
rfilfiritie, iodine, and perhape hydrogen. The rheiaral actioii 
that would ensue, would produce an intense ignitioB and com- 
bustion of the whole surface of the planet : a new and oxidized 
criiNt would be formed over it ; that crust would he rent and 
diNlocated, as we now find it to have been. But as the crust 
b<fCAino thicker, water and other agents, which act ener^tically 
on the uncombined metals, would less frequently reach them; 
AMcl fit len^h the surface would become habitable, ^si. Jofwr, 
Sclf.nce^ YoL 14. j?. 88. 

PfiHif. It il not pretended that any fiiets directly oorrabofiliTe of this 
)i,y|H)tliiiiiiM are known. Bat the facility with which it exjplaiiis the changes 
that have taknn place on the globe, is supposed to render it probahle. 

Prm. It IN doubtful whether geologists wiU ever be able 
rrnm thnir Ncinnc.o to nscortain the state of things at the begin- 
iunf(, or tho firHt condition of created matter. For though 
tlioy inny go fnr backward in tracing the changes which the 
i«nrt)i hnr* undergone, yet the condition of things becomes so 
dillorrnt from tho proseut the farther they penetrate the past, 
(hilt (ho thrond of analogy fails. Hence it is, that so many 
iAvoriftn of fhr mrtk have not only been failures, but have 
brought ridioulo upon the whole science of geology. When 
l^ohigiMtK nIuiU 1)0 contented to trace eflfects to their proximate 
iMuini^M only, nnd leave the origin of things untouched, they will 
i\\\\\ (hoir Noit^nce resting on a firm foundation. WhewelVs 
Vh^iofophy of tht huinctitft Sciences, Vol 2. p. 136. London, 

iHhHsity of /Ir/irtM in the Causes of Geological Change, or the 
Ihvtrinf of CtUa strophes and of Uniformity. 

t\»st theory. Mr. Lyell contends that the causes of geo- 
lojtionl ohnnge wow operating upon the globe, with no increase 
o( ui(on»ity. that is. acting with no more energy than at pres- 
ent, nri^ NulHoiont to account for all the revolutions which the 
t'riiMt of Iho «aitk has undergone. He admits of no imgulaii- 
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ties or oatastropSies ereater than now take place ; and supposes 
that the effects which transcend any single effect of existing 
causes, have been the result of repetitions, sometimes almost 
endless, of present aeencies. In other words, he supposes that 
things have remained from the beginning subject to no greater 
changes than they experience at the present time. To prove 
these positions is the great object of his able work on the Prin- 
cij^s of Geology. 

Proof 1. It is agreed on all hands, that the nature of geo- 
logical causes has been the same in all ages ; although even as 
late as the time of Cuvier, he says that ^' none of the agents na- 
ture now employs were sufficient for the production of her an- 
cient works. 

2. An indefinite repetition of an agency on a limited scale, can 
produce the same enects as a paroxysmal effort of the same 
agency, however powerful ". provided the former is able to pro- 
duce any effect, as for instance, in the accumulation of detritus, 
the elevation of continents, the dislocation of strata, &c. Now 
it is unphilosophical to call in the aid of extraordinary agency, 
when its ordinary operation is sufficient to explain the phe- 
nomena. 

3. Nearly every variety of rock found in the crust of the 
globe, has been shown to be in the course of formation by exist- 
ing aqueous and igneous agencies : and if a few have not yet 
been detected in the process of formation, it is probably because 
they are produced in places inaccessible to observation. 

Second theory. This theory admits that no causes of geologi- 
cal change, different in their nature from those now in action, 
have ever operated on the globe : in other words, that the geo- 
logical processes now going on, are in all cases the antitypes of 
those which were formerly in operation : but it maintains that 
the existing causes operate now in many cases, with less inten- 
sity than formerly. 

Proof 1. The spheroidal figure of tho earth and other facts 
already detailed, seem to render almost certain the former fluidity 
of the globe. Now, whether that fluidity was aqueous or igne- 
ous, or both in part, it is certain that the agencies which pro- 
duced it must have operated in earlier times with vastly greater 
intensity than at this day, and that their energy must have been 
constantly decreasing from that time to the present. 

2. Still more direct is the evidence from the character of 
organic remains in high latitudes, of the prevalence of a tem- 
perature in early times hotter than tropical : too warm, indeed, 
to be explained by any supposed change of levels in the dry 
land. And if this be admitted, heat most have been more 
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powerful in its opexation than at preaent; and thia wooid in- 
crease the aqueous, atmospheric and organic agencies of those 
times. 

3. No asency at present in operation, without a rast increase 
of energy, is adequata to the ebyation, several thousand fset, 
of vast chains of mountains and continents ; such as we know , 
to have taken place in early times. A succession of dbyationB 
by earthquakes, repeated through an indefinite number of agen^ 
the Tertical movements being only a few feat at each recur- 
rence, is a cause inadequate to the effect, if we admit that eaxth- 
quakes have exhibiteo their maximum energy within histoxie 
tuies. Besides, it is difficult to conceive how a continent could 
be sustained several thousand feet high, unless melted matter be 
forced in beneath its crust. But earthquakes, and even the 
whole amount of volcanic power, if the doctrine of internal heat 
be rejected, could not supply any such prop. If we could sup 
pose a succession of earthquaKes, acting for thousands or 
millions of years along some anticlinal axis of great length, we 
have reason to suppose from their known operation, that some- 
times they would elevate, and sometimes sink down the sur- 
face ; so that the final resultant would be probably litde change 
of level, and not an devation like the Andes or the Himmalayui 
mountains. 

4. In a majority of cases, the periods of disturbance on the 
globe appear to have been short compared with the periods of 
repose that have intervened : as is obvious from the fact that 
particular formations have the same strike and dip throughout 
their whole extent : unless some portions Save been acted upon 
by more than one elevatory force : and ^en we find a sudden 
change of strike and dip in the formations above and below. 
Whereas, had any of the causes of elevation now in operation 
lifted up these formations by a repetition of their present com- 
paratively minute effects, there ought to be a gra£ial decrease 
in the dip from the bottom of die formation upwards, and no 
sudden cnange of dip between any two consecutive formations^ 
unless some strata are wanting. At the periods of these eleva- 
tory movements, therefore, the force must have been greater 
than any that is now exerted, to poduce analogous effect& 

5. The sudden and remarkable changes in the organic con- 
tents of the strata, as we pass from one formation to another, 
even when none of the regular strata are wanting, coincides ex- 
actly with the supposition of long periods of repose, succeeded 
by destructive catastrophes. Nor is the supposition that speciea 
of a nimal s and plants have become gradually extinct, ana have 
been replaced by new species^ by a law of natoxe dnrixig pexioda 
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of repose, sustained by any facts that have occurred within the 
historic period : no example hairing been discovered of the crea« 
tion of a new species by such a law ; and not more than one or 
two (the Dodo and Apteryx) of the extinction of a species. 
WheweWs Hist. Indue. Sci. Vol. 3. p. 589. 

6. We have no evidence that the most important of the older 
rocks, both stratified and unstratified, are produced by any 
causes now in opieration. That they may be produced deep ii» 
the earth, where igneous causes are still in int^e operation, is a 
plausible hypothesis, but unsustained by a single example of 
the production of mica^ slate, gneiss, granite, or syenite. The 
highly crystalline and in other respects peculiar character of 
these roeks, as weU as their entire deficiency of traces of or- 
ganic existence, when they were formed, point to a state of the 
^obe different from the present, but different only because 
existing causes, especially heat, operated then with greater 
energy than at present. 

7. Glacio-aqueous agency, since the deposition of the tertiary 
strata, requires for its explanation a greater intensity of action 
in existing geological agencies than is known at the present day. 
This point, however, has been so fully discussed in Section Y il^ 
that nothing more need be added here. 

8. Upon the whole, with the exception of glacio-aqueouir 
action, were we to confine our attention to the tertiary and allu- 
vial strata, it might be possible to explain their phenomena by 
existing causes, operating with their present intensity. But 
when we examine the secondary and primary rocks, we are 
forced to the conclusion that this hypothesis is inadequate : and 
that we must admit a far greater intensity in geological agencies 
in early times than at present. 

9. But the question here arises, how long a period. shall We 
assume as a measure of the intensity of existing agencies 1 The 
most strenuous advocates of the doctrine of uniformity will ad- 
mit of some oscillation in the intensity of these agencies ; be- 
cause a single year shows it. How then shsdl we determine 
how wide that oscillation may be ? Tn order to obtain the 
average intensity, how can we say but that all geological cycles 
must be included 1 To make any particular portion of time 
the measure of all the rest, must be an arbitrary assumption. 
And therefore, we cannot ascertain what is the standard or the 
average of intensity : and until this can be done, is the subject 
considered under this head any thing more than a controversy 
about words 1 The alluvial period has been assumed in the 
above argument as the measure of all that have gone before it. 
But can any reason be prejn why this should be taken xether 
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Character and Repletion ofMetaRic Tdns. 



Rem, The tubjeet of iMtalQe tmim, — one of the most dflBoolt in ^eolorf, 
although totiehed apon in lerenl plaeM in this woric, has bom BMonly do- 
fomnl to thif place; becauae it coald not be well ondoslood witbooi an «»• 
(|UAintanco with noariy the whole of geology. 

Drscr. The metallic matter, called ore^ rarely oecnpies the 
whole of the vein : but is disseminated more or less abundantly 
tlmuigh the quarta, sulphate ef baryta, waeke, eranite, he. 
which constitutes the ^ater part of the yein, aid is called the 
g*ift'jfn-f^ fnatrix or veinstone. Often the ore and the gangue 
Ibrni alternating layers. Sometimes there are cavities lined 
with crystals, wnich cavities are called druses. 

Dfsrr, Metallic like other veins vary very much in width, 
hoth in a vertical and a horizontal direction. They are of un- 
known depth ; for scarcely ever have they been exhausted 
downward. The deepest mine that has be^n worked, is that at 
IVutti^nlmrg in Dehemia : which has been explored to the depth 
of !)000 fuet. 

Ihsci\ \\\ all cases metallic like other mineral veins, are 
MM with met((»r diflbrent from the rocks which they traverse. 
In aomf» inalencos they are obviously of the same age with the 
couteiuing rock, hut in a majority of cases, they are fissures 
(hat hav0 lvoei\ subseauently filled. They exhibit almost every 
vnri<»ty of din and strike, and yet it has l>een thought that they 
vi^ry \\\\p\\ alfoct an east and west direction, though freauently 
(hi^y run north and south, and their dip usually approaciies the 
|H^v|M«iuliciilar These veins often ramify and diminish until 
(h^y finally diaappear. Their width is very various; from a 
mi»rt» lini^, up to some hundreds of feet The metallic veins of 
t Ntrnwail vary from an inch to 30 feet in width. The contents 
nt^t aoint'tiuM^N arranged in successive and often corresponding 
layi^rH \%\\ oach aide. 

Ihih'9\ The rontenta of metalliferous veins oflen vary in the 
«Mtie win, In difl^aiit rooks, throii|;h which it pesBes, both per- 
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pendicularly and in the direction of the vein. Its width tdso 
varies in tHe same manner. ^ 

Descr. Metallic veins are most nmnerons in primary and 
transition rocks. No vein is worked in Grreat Britain above 
the new red sandstone. Nor are any explored of much impor- 
tance, above the carboniferous limestone. In the Pyrenees, 
however, hematitic and spathic iron occur in transition strata, 
in the lias, and the chalk. In the Cordilleras of Chili, also 
tertiary strata, which have become crystalline by the proximity 
of granite, are traversed by true metallic veins of iron, cop^r, 
arsenic, silver, and gold, which proceed from the underlying 
granite. 

Descr. As a general fact, metallic veins are most productive 
near the junction of stratified and unstratifie^ rocks. Their 
productiveness depends also on their direction, in some measure : 
an east and wesl oirection being regarded as the most favorable 
in Cornwall ; while the cross courses^ or north and south veins, 
are usually unproductive. 

Descr. Mr. Came finds evidence m Cornwall of the existence of metal- 
lic veins of no less than six or dght different ages : a case analagoos to the 
one exhibited on Plate 3. WhewdPs Hist, Indue. Sdences, V0i.S,p,b4O* 
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Ivories to explain the lUpUiion of 
Yeijis in Gentrai. 

1. Werner sappoaed that veins weie 
£8Biue> filled by aqueous iofiltratioa 
fiom above. Bat it is probable that thU 
hypatheais will apply to scarcely a sing^ 
example of all the varieties of veina. i _ — . — 

a. Hutton supposed that veins were ^^^ ^T.^ 
filled by melted matter injected from ^^|^^^!5--^^^^ 
beaeath. And the facts that have been Cw\^^^ >J 
detailed in this woik, make it almoat -''-•^'^'^'"— 
certain, that a lam part of the veini, 
filled by unatratined lock, were thus 
produced. Indeed, it is often practicable 
to trace these veins to the central mass 
from which thev proceeded, and to 
follow them at the other extremity, aa 
they thin off and aie lost It is almost 
equally certain that many metallic veins 
were thus produced. 

3. Prof. Sedgwick anpposes some 
veins to have been produced t>y chemical 
segregation from the rock in which they 
occur, while that n-aa in a yielding state; 
just as the nodules of flint were segre- 
gated from chalk, or crystals of simple 
minerals from the rocks in which they 
are now found imbedded. That many 
veins were produced in this manner can 
hardly he doubted : fox sometimes we 
find them passing by insensible grada- 
tion into the including rock, and thus _ ,,._.__, 
showing that they are of contempoianeous origin, with the 
rock, while both were in a fluid state. la such cases chemical 
segregation i 
could na« ' 




3 the only known principle by which the reina 
a been fonned. 
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4. Mr. Fox and M. Becquerel refer tHe origin of many me* 
tallic veins to electro-chemical agencies which are operating at 
the present day, to transfer the contents of veins even from the 
solia rocks, in which they are disseminated, into fissures in the 
same. The former of these gentlemen has shown conclusively, 
that the materials of metallic veins, arranged as they are in the 
earth, are capable of exerting a feeble electro-magnetic in-1 
floence : that is, they constitute galvanic circuits, whereby nu- ' 
merous decompositions, and recompositions, and a transfer of 
elements to a considerable distance, may be effected. He was 
induced to commence experiments on this subject, by the analogy 
which he perceived between the arrangements of mineral veins 
and voltaic combinations. And he thinks if such an aeency be 
admitted in the earth, it shows why metallic veins, having a 
nearly east and west direction, are richer in ore than others ; 
since electro-magnetic currents would more readily pass in an 
east and west than in a north and south direction, in conse- 
quence of the ma^etism of the earth. M. Becquerel has 
snown, that even insoluble metallic compounds may be pro- 
duced by the slow and long continued reaction and transference 
of the elements of soluble compounds by galvanic action. He 
has also made an important practical application of these prin- 
ciples, which is said to be in successful operation in France : 
whereby the ores of silver, lead and copper, are reduced with- 
out the use of mercury. BucJdandHs Bndgewater Treatise, 2d. 
Edition, p. 552, and 615, Vol 1. and p, 108, Vol 2. This in- 
genious theory bids fair to solve many perplexing enigmas re- 
mting to metauic veins ; and to prove that some of them may 
even now be in a course of formation. 

5. M. Neckar and Dr. Buckland suggest, that some mineral 
veins may have been filled by the sublimation of their contents 
into fissures and cavities of the superincumbent rocks, by means 
of intensely heated mineral matter beneath. Thus, it has been 
is^own that by heating galena in a tube, and causing its vapor 
to unite with that or water, a new deposition of that mineral 
was produced in the upper part of the tube ; and in a similar , 
manner boracic acid, which by itself does not sublime, may be j 
carried upwards and deposited anew. Buckland s Bridgewater 
Treatise, Vol 1. ^.551. Phillip^ s Geology, p. 273. 

Qmciusion. Probably it will be necessary to call in the aid of nearly all 
the precedini^ hypotheses to explain the complicated phenomena of mineral 
▼eins. 

For aoeorate accounts of this difficult snbject see PhUUp^^s TreaUse tm 
Geologf, Vol. 2. Chtipter VIIL Aba De La BeMs Oeolagical Report am 
CarnwaU and Devofk, Chtipter X, 
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SECTION li • 

OONNBCTION BKTWKKN OEOLOOT AND MATUKAL AVB 

EBTKALED BKLIOIOM. 

» 1. lUuitratians of Natural Religion from OeoUgy. 

/?«m. Tha beurioc of geology upon fdigioo, has alwi^ cxdtod a good 
deal of intoreet and of diMmanon : and being in aome le^pecta pecniiar and 
important, a treatiao on geoiogj, which omita thia anbieet, moat be conaid- 
cred aa deficient 

Prin, Geology shows us that the existing system of things 
upon the globe had a beginning. 

Proof 1. Existing continents have been raised from the hot- 
torn of the sea, where most of their surface was formed by de- 
positions. 2. With a few exceptions, the existing races of ani- 
mals and plants must have been created since the deposition of 
all the rocks except the diluvial ; since their remains do not 
occur in the older rocks. Hence it appears that not only the 
present races of oreanic beings, but the land which they inhabit^ 
are of comparatively modem production. 

Inf. 1. Hence it is inferred that the existing raoes of animals 
and plants must have resulted from the creative energy of. the 
Supreme Being : for even if we admit that existing continents 
might have been brought into their present state by natural 
causes, the creation of an almost entirely new system of organic 
beings, could have resulted only from an exertion of an infinitely 
wise and powerful Being. Indeed, the bestowment of life muc^ 
be regarded as the highest act of omnipotence. 

Inf 2. Hence the doctrine which maintains that the opera- 
tions of nature have proceeded eternally as they now do, and 
that it is unnecessary to call in the agency of the Deity to ex- 
plain natural phenomena, is shown to be erroneous. 

Inf. 3. Tne preceding inferences being admitted, natural 
theology need not labor to disprove the etermty of matter ; since 
its eternal duration might be admitted, without affecting any 
important doctrine. See Chalmer^ Works, Vol. 1. Chap, V. on 
Natural Theology ; where this subject is admirably treated. 

Prin. Several different systems of organic life have appear- 
ed on the globe, adapted to its varpng conditions, as to tempe- 
rature, moisture, food, and other circumstances. In the opimon 
of many geologists, also, numerous changes took place on the 
globe previous to the creation of animals and plants ; all of 
which tended to prepare it for their dwelling place. 

Inf 1. Hence it appears that the Deity has always exer- 
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cised over the globe a superintending Providence ; and when* 
ever it was necessary, has interfered with the regular sequence 
of events. 

Inf, 2. A presumption is also hence obtained, that the mat- 
ter of the globe had a beginning : or at least, all presumption 
against its creation out oi nothing, is taken away. For there 
must have been a commencement to'a series of changes in which 
there is continued improvement, (such as the globe has actually 
experienced ;) and it is a priori as probable, that at the begin- 
ning of these changes, matter was called into existence, as that at 
successive periods new races of animals and plants were created. 

Prin, In all the conditions of the globe from the earliest 
times, and in the structure of all the organic beings that have 
successively peopled it, we find the same marks of wise and 
benevolent adaptation, as in existing races ; and a perfect unity 
of design extending through every period of the world's his? 
tory. 

Proof 1. The anatomical structure of animals and plants 
was very different at different epochs: but in all cases the 
change was fitted to adapt the species more perfectly to its pe- 
culiar condition. 2. To communicate the greatest aggregate 
amount of happiness, is a leading object in the arremgements of 
the present system of nature : and it is clear from geology, that 
this was the leading object in all previous systems. 3. The 
existence of carnivorous races among existing tribes of animals 
tends to increase the aggregate of enjoyment, first, by the hap- 
piness which those races tnemselves enjoy; secondly, by the 
great reduction of the suffering which cUsease and gradual de- 
cay would produce, were they not prevented by sudden death : 
and thirdly, by preventing any of the races from such an exces- 
sive multiplication as woUld exhaust their supply of food, and 
thus produce great suffering. Now we find that carnivorous 
races always existed on the globe ; showing a perfect unity of 
design in this respect. Thus when the cnambered shells, so 
abundant in the secondary rocks, and which were carnivorous, 
became extinct at the commencement of the tertiary epoch, 
numerous univalve molluscs were created, which were carnivo- 
rous : although till that time these races had been herbivorous. 

Inf. From these statements we infer the absolute perfec- 
tion, and especially the immutable wisdom of the Divine charac- 
ter. A minute examination of the works of creation as they 
now exist, discloses the infinite perfection of its Author, when 
they were brought into existence : and geology proves Him to 
have been unchangeably the same, through the vast periods of 
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SMi duration, wliich that science shows to have elapsed since 
e original formation of the matter of our earth. 

Rem, The whole of this sabject is admirably developed in the Ute tgAenr 
dki Bridgewater Tieatifle, by Dr. Buckland. 

Pri$^ Geolorf funushes many jpeculiar proofs of the he* 

Mvolenoe of the Deity. The following are the most striking. 

1 7%4 farwMion of Sinls by the decomposition of Rocks. 

liius. The disintegration of rocks, which we every where 
witness, strikes the mind at first as an exhibition of decay, in* 
dicating some defect of contrivance on the part of the l5eity. 
But when we find that the soils resulting from this decomposi- 
tion are exactly adapted to the growth of plants, and that these 
are essential to the existence of animals, we can no longer 
doubt but we have before us a bright exhibition of benevolent 
design. 

S« 7^ distmrhances that hai>e taken place in the eartKs crust, 

lUms, To a person not luulitt with geolo^, the elevation, 
dkruption. eontortioD. and OTeitninings, exhibited by the rocks, 
priMMil a aeene of eonfusioii and chaos rather than proofs of be- 
nev\>WAl desint But sQ|»pose the strata had remained horizon- 
lal> a:$ first wposited. JSeariv all the beds of valuable rocks 
and minAfttb must have been hidden from human Yiew, and ren- 
dered iQ;jicc««»b^. But the disturbances experienced by these 
strata haY« brought them within the reach or human inaustry. 
IVtugn then is manifest in this apparent confusion. 

3. The formation of Valleys, 

V!u.<, In mountainous countries these have resulted mainly 
ftv'iM (W elevation and dislocation of the strata. They have, 
bks»w^v^ir> been greatly modified and rendered beauti^ and ara- 
^1% by means of atmospheric and aqueous agencies ; and to 
tbuev"*!* btter causes most of the valleys in level countries owe 
tlwic origin. Now without valleys, the earth would be unin- 
hti^biittable ; because there could be no circulation of water, and 
«ta^;:nation and death would pervade all nature, even if we ad- 
%M^ onough of inequality to redeem a part of the earth from the 

(MMftB. 

4. The distribution of Water, 

Blus, We might at first suppose, that in mountainous regions^ 




Moovs or DiriKs BSNsroimcs. %Tt 

all the water would soon be accumulated in tHe yalleys. Where- 
as such are the nature and situation of the soil and rocks, that 
the ridges are usually as well watered as the valleys. The al- 
ternations of pervious with impervious strata form natural re* 
servoirs of water in the earth, and those dislocations of the 
strata, termed^ faults, tend to render these reservoirs still more 
perfect, while the fact that springs occur in almost every part 
of the earth, show that enough communications exist to the 
surface to allow of the passage of sufficient water for the support 
of animals and vegetables. These springs, uniting into rivers, 
find their way into the ocean ; where an equal quantity of wa- 
ter is evaporated, and brought back by clouds into the regions 
where this perpetual drain is going on. Thus a constant cir- 
eulation is kept up; while the hydraulic arrangements of the 
earth's crust are such as to keep a constant supply in all those 
places where it is needed. Surely here is benevolent desi^ ; 
and design too brought about by apparent disorder and confusion. 

5. 7%e distribution of Metallic 0-res, 

Ulus. If the earth has been in a state of fusion, we should 
expect that the metals, being eenerally heavier than other min- 
erals, would have accumulated at the centre, and have disap- 
peared from the earth's crust But by means of sublimation, 
s^regation, and other agencies, enough of these metals has 
been brought so near the surface as to be accessible to man. 
Yet they are not so abundant, nor so easily obtained, as not to 
demand patient industry and ingenuity, whose exercise is indis- 
pensable to human improvement and happiness. Again, the 
most important of these metallic ores,- — ^iron, lead, copper, &c. 
are most abundantly distributed and most easily obtained. 

6. Glacio-aqv£OUS Agency, 

Illus, The effect of those powerful agencies, until recently 
regarded as exclusively diluvial, that have swept over large por- 
tions of the earth's surface in past times, has been to wear 
down its more rocky and salient parts, to convert steep escarp- 
ments into gentle slopes, and to increase the quantity of sou, 
and spread it more extensively over the surface. Hence, 
though at first a desolating agency, its ultimate effect is most 
salutary. 

7. Volcanic Agency. 

Jllus. It operates, in the first place, as a safety valve, to pre- 

24 
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▼ent those vast accumiilations of heat which exist in die eerth, 
from lending whole continents in pieces : in the second place, it 
aids in raising continents from the ocean and in the formation 
of yalleys. 

Obj. Why should not a benevolent Being, who is omnipo- 
tent, secure to his creatures the benefits which result from vol- 
canic agency, without the attendant evils, such as the destruo^ 
tion of property and life ? ^ 

Ans. This is a question that meets the student of natural 
theology at almost every step of his progress : for we find al- 
most universally, that evils are incident to operations whose 
natural tendency and general effect are beneficial. Probably it 
is so. because a greater amount of good can thereby be secured 
in the end. But the existence of evil is one of those. dif&cuU 
subjects, whose complete elucidation ought not to be expected 
in this world. 

8. The accumutation of extensive deposits of coal, rock salt, 
gypsum, marble, arid other valuable minerals^ for the use 
of man, during the long periods that preceded his exist- 
ence, 

Illus. While the earth was in a state unfit for the animahi 
and plants now existing upon it, it was covered with a gigantic 
vegetation, whose relics became entombed, and were graoually 
converted into those beds of coal, which are now in the course 
of disinterment, and which are so important to human improve- 
ment and happiness. Then also, rock salt, ^psum, and mar- 
ble, were slowly preparing for the service of beings to be created 
centuries afterwards. Can there be a doubt but this is a beau- 
tiful example of the prospective benevolence of the Deity 7, 

9. The adaptation of the natures of different grovps of ani- 
mals to the varying condition of the globe% 

Illus, The Deity intended the world ultimately to become 
the residence of intellectual and moral beings : but for wise 
reasons he chose to bring it by slow processes of change into a 
fit condition for their residence. Yet his overflowing benevo- 
lence prompted Him to people the world, during this transition 
state, with animals whose natures were perfectly adapted to its 
condition. And as often as that condition changed, didhe change 
its inhabitants and their constitution. He might have left it 
desolate during these mighty periods of preparation. But infi- 
nite benevolence would not permit. 
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Prin. Geology enlarges our conceptions of the plans of tlie 
Deity. 

Exam. 1. Tlie prevailing opinion, until recently, limits the 
duration of tlie globe to man's brief existence, which extends 
backward and forward only a few thousand years. But geoloey 
teaches us that this is only one of the units of a long series m 
its history. It devielops a plan of the Deity respecting its pre- 
paration and use, grand in its outlines, and beautiful in its exe- 
cution ; reaching far back into past eternity, and looking for- 
wards, perhaps indefinitely, into the future. 

2. .Each successive change in the condition of the earth thus 
far, appears to have been an improved condition : that is, bet- 
ter adapted for natures more and more perfect and complicated. 
In its earliest habitable state, its soil must have been scanty and 
sterile, and almost destitute of calcareous matter, except m the 
state of silicates, which plants decompose with difficulty. The 
surface also, was but little elevated above the waters : and of 
course the atmosphere must havec been very damp ; though the 
temperature was very high. Every subsequent change appears 
to have increased tiie quantity and fertility of the soil, the 
amount of the salts of lime and geine, and the dryness of the 
atmosphere. Should another change occur, similar to those 
through which it has already passed, we might expect the con- 
tinents to be more fertile and capable of supporting a denser 
population. 

3. It appears that one of the grand means by which the 
plans of tne Deity in respect to the material world are accom- 
plished, is constant change ; partly mechanical, but chiefly 
chemical. In every part of our globe, on its surface, in its 
crust, and we have reason to suppose, even in its deep interior, 
these changes are in constant progress : and were they not, uni- 
versal stagnation and death would be the result. We have 
reason to suspect also, that changes analogous to those which 
the earth has undergone, or is now undergoing, are taking 
place in other worlds ; in the comets, the sun, the fixed stars, 

< and the planets. In short, geology has given us a glimpse of a 
' great principle of instability, by which the stability of the uni- 
verse IS secured ; and at the same time, all these movements and 
revolutions in the forms of matter essential to the existence of 
organic nature, are produced. Formerly the examples of decay 
so common everywhere, were regarded as defects in nature : 
but they now appear to be an indication of wise and benevolent 
design: — a part of the vast plans of the Deity for securing the 
Stability ana happiness of the universe* 
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2. Connection of Geology with Revealed Religion, 

Prin. Revelation does not attempt to give instruction in the 
piineifdes of science : nor does it use the precise and accurate 
langaaee of science : but the more indefinite language of eomr 
mon V&. Nor does science attempt to teach the pecmiar truths 
contained in reyelation. 

Inf. 1. Hence it is only where revelation incidentally touches 
upon the same points as science, that the two subjects can be 
brought into comparison. 

Inf. 2. Hence there may be apparent discrepancy between 
the two subjects, when there is real agreement, on account of a 
difierence in the language employed : ex. gr. : the BiUe appar 
lently contradicts astronomy, when it asserts that the earth is 
immoveable, and that the sun rises and sets : but that here is 
no real disagreement, is too obvious to require proo£ 

Inf. 3. Hence it is reasonjible to expect, only that the prin- 
ciples of science, rightly understood, should not contradict the 
statements of revemtion, rightly interpreted. Unexpected co- 
incidences, however, may occur between the two subjects : and 
these will tend to strengthen our belief in the truth of both. 

Inf 4. Hence the points of apparent discrepancy ought to 
be more numerous than the points of agreement between science 
and revelation, in order to prove a real contradiction between 
them : for it is as difficult to explain an apparent agreement, 
where there is real discrepancy, as the reverse. 

Points of Coincidence between Geology and Revelation. 

1. They asree in representing our present continents as for- 
merly coverea by the ocean. 

Proof. That they were thus submerged, is one of the best 
settled princijdes of geology ; and that revelation teaches the 
same, appears from Genesis, 1 : 1, 9. 

2. They agree as to the agents employed to produce geologi* 
cal changes on the globe : viz. water and heat . j 

Proof Water is the only agent directly named in Grenesis : j 
and the elevation of the land is imputed directly to the exertion ! 
of Omnipotence. But in Psalm 104: 2. 4 to 7, where this 
operation seems to be described, the voice of GotPs thunder, there 
represented as the agent, may reasonably be understood to refer 
to volcanic agency. This same agency is represented as hav* 
ing destroyed the cities of the plain, according to Dr. Hender- 
son's translation of Job 22 : 15 /o 20. A future change in the 
earth, is also described as resulting from fire, 2i2. Peter^ 3 : l(k 
See J\tmef's Sacred History of the World, p. 24, 25. 
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3. THey agree in representing the work of creation as pro* 
gressive, after the first production of the matter of the universe. 
wnesisy First Chapter. 

4. They agree in the fact that man was among the latest of 
the animals created to inhabit the globe. 

Rem. This is a very important point. For had the remains of man 
been found among the earliest organic relics, while the Bible represents 
him as the last animal created, it would have been difficult to see how the 
two records could be reconciled. 

5. They agree in the fact, that the epoch when the existing 
races of animals and plants were placed upon the globe, was 
comparatively recent. 

Proof. According to revelation, this epoch could not have 
been more than 6000 years ago ; and although we cannot as yet 
connect geological and chronological time, there are facts which 
prove that the commencement of the present order of things, 
and of the existing races of animals and plants, cannot have 
been very remote. Their remains occur only in alluvial depos- 
its. Now the quantity of alluvium at the mouths of rivers, al- 
though often advancing rapidly, is yet comparatively limited. 
The accumulation of fragments at the base of steep rocky pre- 
cipices, is still in most cases going on : as is also the formation 
of peat. But had these processes commenced at an immeasur- 
ably remote period, they ought ere this to be completed. Wide 
oceans ought to be converted into aUuvial plains, precipices 
should all be levelled, and peat swamps be so filled that the pro- 
cess of its formation would stop. 

6. The facts of geology render the future destruction of the 
earth by fire, a not improbable event. 

Proof. Nearly all geologists admit that the earth contains 
vast reservoirs of heat ; and if these are brought into action by 
the fiat of the Almighty, the elements might be melted and the 
earth and the things therein be burned up. Or it is even easy 
to conceive how this internal heat, without miraculous interfe- 
rence, might, under certain circumstances, produce the same 
result. 

m 

Supposed Discrepancy between Geology and Revelation. 

Descr, The supposed discrepancies between geology and 
revelation, relate first, to the age of the world, and secondly, to 
the period when death was introduced upon the globe. 

Descr. Geologists suppose that the changes which have 
taken place on the globe, must have occupied immense periods 
of time ; and that seyend successiye systems of animals and 

24* 
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pbau »«^«^»^ tke wodd pnTioas to tke amtiaa of die ezut- 
ng nccs : wheieot die Mosaic accoonty aecoiding to tke com- 
mon interpretadoD. represents die matter of tlia rioba to liaYO 
been psodnccd oat of nodiin^ onlj a few literal aaya pKorioas 
to tlie creation of man ; and that all tlie animah and planti 
Jmt erer lived on tke ^be, were then bronght into aTJatanfa, 

Rau I SM not awne thai tkif Myfirnt hia ever been SatmtSij aA- 
laeed bj an j g nk ip rml writer in oppowtinn to levaUtioii. Bat feolo- 
'Hts luTinff oMne to the cooclusioii that the caith, in aane iaatL, moit 
i*,re cxkt^ more than GOOD jean, some Chfwtian wiilen have infixied 
Aat this waa my oac d to the Moaaie a ecoant, and have attaipiad a defence 
ef rerdation. And hence has reralled the pnvmiling o paiii, that feok^ 
girtB in general have been heatUe to the Bible: — an Ofinion which bmj be 
lefiited^ an appeal to their wiitingi. 

Prin, In order to obriate thii objection to xerelatiQn, it is 
only necessary to show, that one or more modaa exiaty of xecon- 
ciline die apparent discrepancy, which it would be more rea- 
sonable to adopt, than to infer any real coUiaicm between the 
two records. Some of these modes of explanation will now he 
briefly described. 

1. Some theological (but no geological) writers maintain, that 
the fossiliferous rocks were not the result of slow deposition and 
consolidation : but were created at once, with all their organic 
contents, just as we now find them. 

Refutation, This is admitted to be possible ; because Grod's 
power is infinite. But our only ground for judging as to the 
cause of any natural changes, is analogy : — and this is entirely 
opposed to the idea that rocks were thus produced : and every 
example that can be quoted of rocks in a course of formation, 
is in tavor of their slow formation by second causes. 

2. Some maintain that the fossiliferous rocks were deposited 
by the deluge of Noah. 

Refutation, 1. That deluge must have been for the most 
part violent and tumultuous in its action on the globe : for the 
ocean must have flowed over the land in strong currents ', and 
when it retired, urged on as it was by a wind, similar currents 
must have prevailed. But a large proportion of the rocks were 
evidently aeposited in quiet waters. 2. If deposited by that , 
deluge, the materials and entombed organic remains of the rocks 
ought to be confusedly mingled together ; whereas in both 
these respects they are actually arranged with great regularity 
into groups. 3. The period occupied by the Noachian deluee 
was vastly too short for the deposition of rocks twenty miles in 
thickness, and with a great number of entire and distinct chanties 
in their nature and organic contents. 4. The organic remains 
in the rocki do not correspond to the fPip>aV sxul plants now 
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liyii^ on the globe. But this deluge took plaee nnoe tlie exeir 
lion of the present races; end, therefore, by this hypothesii^ 
thev ought to be found in the rocks. Hence they were depos* 
ited before that event 

aewL An apology k due to the geological reader, ibr introdaeing a fiir- 
mal refutation of an hypothesis, which, to him, appea» so entbefy absurd. 
The apology consists in the fict, that many uiteffigebt nen are flCiU firaad 
maintaming this hypothesis. 

3L Some suppose that the fossSiferous strata have been de- 
posited in the intenral of 1600 yean between die creation (£ 
man and the deluge. 

RefiUaUtm. 1. The time since the deluge has been twice as 
long as 1600 years ; but the amount of afluTium deposited has 
not been one thousanddi purt as great as the whde fossiliferous 
vocks. Hence 1600 years is vasoy too i&ort a period for their 
deposition : since no reason can be given why the process of 
their formation was essentially more rapid before than after the 
deluge. 2. By this hypothesis the sea and land must have 
changed places at the deluge ; in order to bring the fossiliferous 
rocks from the bottom of uie sea. But geology renders it ex- 
tremely probable that no interchange of this sort took place so 
recently. 3. On this hypothesis the organic remains ought to 
consist of species of the existing races, with man among the 
number: unless we mappoad thjBit several new and distinct 
creations of animals and plants have taken place on the globe 
since man was placed upon it, none of whidh are mentioned by 
Moses. 4. There is the strongest evidence that the primary as 
well as the fossiliferous rocks, have resulted from secondary 
agencies ; that is, they have existed in some previous form, be- 
fore assuming their present state. But these chang^ could not 
have taken place after the creation and multiplication of man: 
because to take away the primary rocks is to take away all 
Urra firma on which he could have subsisted. 

4. Some regard the six days of the creation, (called the demi' 
%rg%e days) in the Mosaic account as not literal days of 24 
hours, but periods of indefinite or unequal length, or as the 
representatives of indefinite periods. 

Rem. Three varieties of opinion are emhraccd in this theory,^ w tbcfm 
■tated. 1. The more common supposition is, that tlie term day is here to 
be understood figraratiTely, as emforacinf a long period of time: a mode of 
using the tens, that is frequent in all languages. 2. Some, as Bishop 
Horsley and Professor Jameson, suggest that the revolution of the eartn 
on its axis was at &rst " mconceivKbly slow," and that it did not ac- 
quire its present rate till the close of the fourth day ; so that the tot 
mr days may have been of vast duration. PkiUtiopkical Magazine, Vok 
47. jr. 843 : ate» F0I. 46. jr. S97. Still more recently this theoiy has bssn 
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aMyelfieidaled by Dr. K«ith in hii DmondrcOum of the JViUk of C%ns£ta»- 
ity, p. 127. Pint American Edttion, 1839. 3. Othcw, as Heiulerin G«r- 
many, and Profeasor Bush in this country, supfioae that each of tha ic 
demiurgic days stands as the closing daj;, or re p r es e ntative, of an indefinlls 
number of da3rs, wliich make up six periods of unknown and perhaps un* 
equal length: during which geological processes might have been going oo. 
Janeriam BmcalRepo^iory. VoL 6, p, 236. BuO^s QfuOUim and mta 
yfQ% tts Book of ChnesiSf id, ed. 

Arguments in favor of this Theory. 

I. The word day is oUten used in Scriptnxe to ezpvess a pe- 
riod of indefinito lengOi, Ex. gr. Luke 17 : 24.— John 8: 56. Job 
14:6. &e. 2. The sun, moon, and stars were not eieated till the 
fourth day ; so that the rerolution of the earth <» its axis in 
24 hours did not probably exist before that time* and some 
other measure of time must have been adopted, which Moses 
tells us was lieht and dariuiess : and how often these succeeded 
one another is not revealed ; and therefore is unknown. 3. 
The seventh day, or the sabbath, has not yet terminated ; and 
will not, until Qod shall resume the work of creation ; that is, 
it will continue from the beginning to the destruction of the 
world, and there is no reason why we ought not to reeard the 
other demiureic days as of at least equal leneth. 4. in order 
to reconcile tne declarations of Scripture wiu the discoveries 
of astronomy, it is necessary to depart as much from the literal 
meaning as this interpretation demands. 5. This interpreta- 
tion corresponds remarkably with the traditional cosmogonies 
of many heathen nations ; as the ancient Etruscans, and the 
Hindoos, who describe the demiureic days as immense periods. 
6. This theory is thought by Professor Jameson and others to 
develope a striking coincidence between the epochs of creation 
as described by mowa and by geologists. BakewelTs Geology, 
p. 450. 

Obj. 1. There is no evidence that the word day is used 
figuratively in the first chapter of Grenesis, as it is in all other 
places in Scripture where it means an indefinite period, except 
perhaps Gen. 2: 4. On the contrary, the Mosaic description 
of the creation appears to be a very simple and perfectly hteral 
history, adapted to the most uncultivated minds. 2. In the 
fourth commandment (Exodus 20: 9. 10. 11.) no one can doubt 
but the six days of labor and the Sabbath, spoken of in the 9ih 
and 10th verses, are literal days. By what principle of inter- 
preting language, can the same word in the next verse, where 
the creation is described, be understood to mean indefinite pe- 
riods? See a parallel passage. Exodus, 31: 17. 3. It seems 
from Genesis 2: 5, eomoaied with Gen. 1 : 11, 12, that it had 
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not mned on the earth till the thivd day;. If tbe days weto 
only of 24 hoozs, tius woold be yery probable, but altoffetber 
absurd, if tiiey were long periods. 4. Such a meaning is forced 
and unnatural^ and tkemore not to be adojyted without « very 
urgent necessity. 5. By this theory, existing species of anfr- 
mtus and plants ou^ht to be found aaixed with the ei^tinct spe- 
cies in all the fossiliferous rocks : for Moses describes only one 
creation of the different races. Now the fact that they are not 
thus mixed, shows that they could not have been contempora- 
ries. If then the Mosaic accooat iadndes the fossil species, it 
does not include the living species : and i£ it embraces the lat- 
ter, it cannot compr^end ue former. It is hence in£»rred, that 
the Mosaic account embraces only existing races, and if this be 
admitted, there is no necessity <» supposing the demiuistc days 
to be loneer than literal ones. 6. Ir this theory be admittedi 
instead of edkibiting coincidence between the Mosaic and the 
geological account of iJie epodis of creation, it produces be- 
tween them manifest discrepancy. For Moses describes vege- 
tables to have been created on the third day, but animals not 
until the fifth. Hence about one third of ^e fossiliferous 
rocks, reckoning upwards, or those deposited during the first 
three days, ought to contain only vegetables. Whereas animals 
are found as £ep in the rocks as vegetables : nay, in the lowest 
group, nothing but animals has yet been founcL 7. The con- 
clusion from all these statements, is, diat Moses does not de- 
scribe the fossil but only the existing races of animals and 
Slants; and if so, there is no necessity for an extension of his 
emiurgic days into long periods, in order to reconcile his ac- 
count with geology* 

JRem. For a fiiller examioatioo of the preeeding theoiy, See Faber% 
TYeaiise vn (he Patriarchal^ Levitical, ana Chrittum DisfiermaHons: Dt 
Iau^s Letters (m the Physical History of the Ekurth: BakewdPs CMap/^ 2JL 
American Ed.' p. 439: mnd tike American^ BUMcal Repository for Ookber. 
1835. U onfjtA perhaps to be nmaiked, that Faber, who had advocatea 
this theory with great ahUity, has recently given it ap. BnekUmtPt 
JSridgevfoter TreeUise, VoL 1. p, 597. ^, Ed. 1837. 

i 5. Some suppose that the Mosaic account is a pictorial lepn- 
sentation of the successive produetions of the dinerent parts of 
creation, having truth for its foundation, yet not to be regaided 
as literally and exactly true. The terms employed, howeveri 
are to be understood in their literal sense. 



Nus, Conceive of nz eeparale pieteres, aboimiff the work in 
atagm of ita progreia. "And as the performance of the painter, (says Dc, 
Knapp,) though it nract have natural truth for its foondation, must not 
be considered or judged of as a deBneation of mathematical or sdoi- 
(ific accuracy, so n«tber most this jHctorial representation of the creation 
be retarded aslitaallj and ezaot^rtnie.'' SMapfsTIMoiy^¥U,l.p.9H, 




that MflKs nerelj 
Ik vodn m ns wgmim^ witiiotit fix* 
ti dbat l i f^ i iMJug : aad dbat j M iiwng la nfenee an 
I Mfiktil cb ita anIoiT. oaiiiig vUc^ Ike f.iliiirt ani- 
afid faaBla r™'*n !■ Aa locAi mI^bI aaw firad and aiedi 
ha daa ciib aa ealy Ae laiamt cA c aliuii , wfcick toak place in six 
Klaial daja. kai Aan 6000 Taan ago.' 

ArgmmeuU ts favtr tf dus Ihtmwy wiii ohj^diams mgmmst it 
1. U k ■aint a inwt hj acnw aUa wnteK sadi as DMlia, Doe- 
daiHa, fce. in Gemaojr, Milton in T^ngiandj and Pra£ Bmb in 
tnia wwintf IT, that um language eaiployad by Idoaea in ua nist 
tbaptn ciQetMUOM. doee not aaean a creation of the wodd oat 
of noChing; liiitoiiljaienoTation,orie-]BodeIKngof pnrioiul^ 
azieting materiak. Penieteudkms a Daikto^ f. 8. Uoederlimi 
TheoUfgui^ f, 485. Busk's Quesiums and Notes an GenesU 
Bneh writers of eonise admit the existence of the giobe dniing 
an indefinite period before the six deminigie days. The argn- 
nents for their opinions may be found in their works above re- 
ferred to. See also American BiMical Repository^ Oct. 1835, 
f, 280. 2. The phrase, in the beginnings is certainly indefinite 
as to time, and therefore Moses in G^enesis does not fix the time 
of the original creation, even if we admit that he does describe 
that event ; and therefore, it is doing no vioknce to his kn- 
{[Uage, to admit thk long intervening period between the crea- 
tion oi' the nniverse aim of man. Ir it be said, that in the 
fourth commandment Moses does declare the creation of the 
wofrld out of nothine to have been contemporaneous with the 
first deminrgie day, it may be replied, that when a writer de- 
aeribei an event more than once, his briefer description u to be 
explained by his more extended account : so that the fourth 
commandment is to be explained by the fuller description in 
Genesis, of the same event. 3. This view of the first chapter 



anoient times ; and by Rosenmuller senior, Bishop Patridc, &et.. 
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in modem times. 4. If such an interval be admitted, it is suffi- 
cient entirel)r to reconcile the scriptural and geological accounts: 
because, during that period, all the fossiliierous rocks except 
the alluvial, might have been formed* 5. Astronomy shows us 
that probably other worlds are now undergoing slowly the pro- 
cess of preparation for habitual globes, in a manner analogous 
to that which is supposed to have taken place in the materials 
of the earth, anterior to the demiurgic days. And thus we 
obtain a glimpse of a general principle in the universe. 6. If 
it be objected according to Moses, the sun, moon, and stars were 
not created till the fourth day, it may be replied that a more 
just interpretation of his language shows his meaning to be, not 
that the heavonlv bodies were created on the fourth day, but that 
they were then nrst appointed to serve their present offices ; and 
that they might have been in existence through countless ages. 
7. In his late able and most interesting work. On the Rela- 
tien between the Holy Scriptures and some parts of geological 
Science, Dr. John Pye Smith, who is at the head of a Theologi- 
cal Institution at Homerton near London, and who is distin- 
guished for his knowledffe of theology, biblical philology and 
geology, has proposed sucn an addition to the interpretation of 
Genesis just exjuained^ as in fact to form a new method of re- 
conciling ^ology and revelation. His principal positions are 
the followine. 1. The first verse of Genesis describes the 
creation of the matter of the whole universe, probably in the 
state of mere elements, at some indefinite epoch in past eternity. 
2. The term earth, as used in the subsequent verses of Genesis 
describing the work of six days, was " designed to express the 
part of our world which God was adapting for the dwelling of 
man and the animals connected with him. 3. The narrative 
of the six days work is " a description in expressions adapted 
to the ideas and capacities of mankind in the earliest ages, of a 
series of operations, by which the Being of omnipotent wisdom 
aind goodness adjusted and finished not the earth generally, but 
as the particular subject under consideration here, a portion 
of its surface for most glorious purposes. This portion of the 
earth I conceive to have been a large part of Asia Ijring be- 
tween the Causican ridge, the Caspian Sea, and Tartary. on the 
north, the Persian and Indian Seas on the south, and tne high 
mountain ridges which run at considerable distances, on the 
eastern and western flank." P. 285, London Ed. << 3. This 
region was first by atmospheric and geological causes of pre* 
vious operation under the will of the Almighty, brought into a 
condition of superficial ruin, or some kind of general disorder." 
Probably by volcanic agency it was submer^ML oevered with 
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fbgi and eloadf, and ga lnwnieud r efey ted nl i1m 
bj the foarth dsj rendered penicid. 4 Tke ■■■[, Moqpe, aad 
etare were not ereated on ^ fomdb dar: bol dben ''■adi^ 
conetitnted, or appointed, to be huainanw^* 5. "neNoftddaa 
deluge wai limited to diat part of tlw woild oeeapied hj tibe 
hunun race, and therefoie we oagbt not to cspeet tbet eny 
traeee of it on the globe can now be dietingnit had horn thoae m 

prerione and aoalogoae delngea. 

Hem. It fc» ImpoMfHe in thii phce t»pnnDt evn&flHMijcrth* 
povrwrfW le— cmiif u»d aocante q e J i l'iii b^ iiliiili Dr. Smith mu^bum 
tlw eborg potitioiw ie hm heOmm. The eridowe » &far of aevcnl of 
Ibem bM 9kmdy been nhibited ; and I shall men^ Hale Ihe two lead' 
bg prlneblM by whkh he enpporta what ie peealiar in faii ijiIhb. 

Proof 1. In the deeenption of the Divine Gkmcter and of 
natural phenonwna. the eaered wiiters nee lapgo^e aceosmo- 
dated to the knovmdge that existed aaoo^ the peq^ whmn 
Ihey oddteeeed. and eonformed to their noCioiie of the nmTene. 
Henee^ when tney wiehed to speak of the uniTeiBe to the Jew8| 
they eaOed it the hearensand theearth. But when they spoke 
of the earth only, we are not to suppose that they need the 
term in an artronomical sense, but to aesignate that limited part 
ct^ it whieh was inhabited. For this was all the ides whieh the 
mind of the Jew attached to it } since he knew nothing of the 
earth beyond those limits. Hence the six days work of creation 
may have been limited to a small part o^ the earth's actual sui^ 
faoe. 2. This view corresponds to the fact that there appear 
to have been numerous centres of creation; both of animals and 
plants, instead of one spot from which all proceeded. 3. Also 
with the fact that a considerable number w species of animals 
and i^lants, which were created much earlier than man, as their 
remains in the tertiary strata show — stiD survive, and do not 
appear to have perished since their first creation. 4. Univer- 
sal terms are often used (in Scripture) to signify only a very 
large amount in number or quantity : as for instance, all the 
earth came to Egypt to Imy from Joseph : for the famine toas 
txtreme %h ail the earth, Itlenee the terms descriptive of the 
dehige may not have literally embraced the wh<de earth ; but 
* have included only the earth then inhabited. 

8. Soase contend, that even i£ all the methods of reconciling 
the two rseords that have been described, should be regarded by 
any as unsatisfactory, it would be premature^ in the present 
state of geology and of sacred philology, to infer any real dis- 
erepaney between them: and especially to infer that the sacred 
historian is in error. 

^ro^fl. Because the rapid progress of geological diseovery, 
and the not unAe^nent changes of opinioii among geobgiatson 
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important points, show us that possibly more -light may yet 
eome from that quarter. 2> Because the exegesis of the mrst 
chapter of Genesis cannot by any means be regarded as settled: 
in proof of which, it is only necessary to refer to the great di- 
versity of opinion, on many parts of this chapter, yet to be 
found among very able commentators. Hence we may hope 
for new light from this quarter. 3. Other apparent discrepan- 
cies between scient^e and revelation, even more striking than 
that above examined between geology and revelation, have dis- 
appeared when the sul^ects were better understood. For in- 
stance, the doctrine introduced by the astronomers 200 years 
ago, that the earth revolves on its axis, and that the heavenly 
bodies do not actually rise and set, seemed to the most acute 
and learned theologians of those times, to be in point blank op- 
position to the Bible ; which declares, that iJie sun arisetk and 
goeth down ; and that God laid the foundation of the earth that 
it should not he removed forever. They also felt the earth to be 
at rest ; and saw the heavens in motion ; so that this new doc- 
trine of the Copernican system was opposed, not only to the 
Bible, but to the senses. Yet who now suspects any collision 
between astronomy and revelation? How premature then, to 
infer from a less striking apparent discrepancy between geology 
and the Bible, that any real opposition exists ! 

Second Supposed Discrepancy, 

Descr, The general interpretation of the Bible has been, 
that until the fall of man, death did not exist in the world even 
among the inferior animals. For the Bible asserts that by man 
came deathy (1 Cor, 15: 21.) and hy one man sin entered into 
the world and death by sin. {Rom, 5 : 12.) But geology teaches us 
.that myriads of animals lived and died before the creation of man. 

Solution of the difficulty. Admitting that geology does show 
that violent and painful death was in the world before the fall 
of man, the following suggestions furnish a plausible reconcilia- 
tion of the supposed difficulty. 

1. Not only geology, but zoology and comparative anatomy, 
teach us that death among the inferior animals did not result 
from the fall of man, but from the original constitution given 
them by their Creator. One large class of animals, the carni- 
vorous, have organs expressly intended for destroying other 
classes for food. Nor will it avoid the difficulty to suppose, as 
some have done, (although obviously in the face of tne plain 
meaning ofrthe first chapter of Genesis,) that carnivorous ani- 
mals were not created till the tiine of the deluge. For other 

25 
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ftf ^imftla must have lived on vegetables, and in doing tliis, tLev 
must have destroved a multitude of minute insects, of which 
several species inhabit almost every species of plant Much 
more difficult would it have been, to avoid destroyine millions 
of animalcula, which abound in many of the fluids which 
animab drink, and even in the air which they breathe. Stitt 
farther, throughout the whole range of organic nature, vegetable 
88 well as animal, decay and dissolution are inevitabie after a 
longer or a shorter period. In this respeet, the human system 
is constituted just luke all other Organic natures. So that death 
appears to be a universal law of organic; being, as it exists on 
earths Moreohrer, withotit miraculous interfercmce fcnt protee- 
tion, or an entire change of the present laws of nature, animals 
must have been exposed to occasional violent disorganization: 
as for instance, from the falling of heavy bodies upcm them ; or 
from the shock of projectilefs < even thougb there were no ten- 
dency in their natures to dissolution. In shovt, death could not 
be excluded from the woi4d, without an cfntit^ change in the 
oonstitudon and course of nature ; and such a change we have 
no reason te suppose, from the Mosaic account, 1;ook jJace when 
man fell. 2. Ehit God could remove any race of animals, say 
man out of the worid, and introduce them into another state, 
without violence, disease, or suffering ; and make the change, in 
fact^ like many chants in life, a pleasant one ; free from those 
concomitants which now indeed constitute death. He has al- 
ready removed a few from the world in this manner ; as Enoch 
and Elijah, and the BiUe informs us that those who remain 
alive at the second coming of Christ, will in a similar manner 
be translated and not die. (i Cor. 15: 51, 52.) This probably 
would have been the happy lot of all mankind, if they had not 
sinned. That they could not have continued on earth indefi- 
nitely, is certain: provided the present laws of their multiplica- 
tion Were not suspended: because the world ere long would 
have been filled. 3. The threatening of death to Adam for dis- 
obedience, seems to imply a knowledge on his part, of what 
death was, that is, he had seen it among the inferior animals : 
for it would be a i^range legislation, that imposed a penalty of 
which those under the law could form no idea. 4. The two 
most striking passages of scripture, respecting the introduction 
of death into the world, have been already quoted. In regard 
to that from Romans, 5 : 12, ^^r one man sin entered into the 
world^ and death by sin, the conclusion of the sentence, — and 
io death passed upon all men, for that all have sinned, — shows 
that its meaning must be limited to the human race. For it 
faja, not thiA death passed upon all animals, but upon all men; 
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maa because all had sinned, an act of which the inferior ^nimffKy^ 
destitute of moral natures, are not capable. In like manner, the 
passage from 1 Cor. 15 : 21, For since by m0,n came death, is lim- 
ited to the human race hy the concluding part of the Terse : bp 
man came also the resurrection of the dead* For the object here 
is to draw a contrast between Adam and Christ, as to th^ir in^ 
fluence upon the human family. '. If the inferior animals are 
included, then they must not only share in the resurrection, but bo 
interested in the redemption by Christ 5. Abie writers on the 
Bible have adopted these views in regard to the nature and ex* 
tent of death, len^ before geology was known as a science. 
To quote only Jeremy l«ylor. " That death," says he, 
" which God threatened to Adam, and which passed upon his 
posterity, is not the going out of this world, but the manner of 

foing. If he had stayed in innocence, he should have gone 
ence placidly and fairly, without vexations and afflictive cir- 
cumstances, he should not have died by sickness, misfortune, 
defect, or unwillingness, but when he fell he began to die, &c." 
Holy Dying, jl 295. Amherst Ed. 1831. 

Rent. For a fiiU and able discussion of this whole sabject, see Dr. J. P. 
Smith's Lectures on Scripture and Geology, p. 96, 294, and 361. 

General Inf. It appears from the preceding statement, firsi^ 
that the coincidences between geology and revelation, upon 
points where we might reasonably expect collision,' if both the 
records were not essentiaHy true, are jnuch more numerous than 
the apparent discrepancies : and, therefore, the presumption is, 
that no real disagreement exists. Secondly, it appears that 
there are several modes of reconciling the few apparent discfe- 
* pancies, which, on general principles, it would be far more rear 
sonable to adopt, than to infer any real disagreement between 
the two records. And this is all that sound phflosophy re^uiresp 
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THE HisrVIrr of oeolooV'. 

Prin. Geology is eminently an inductive science. Now it 
ts only within tne last half century, that sufficient facts had 
been collected to make any important correct inferences resped^- 
ing the causes of geological change. Hence all the speculations 
of philosophers previous to that time, on this subject, must have 
been mere hypothesis ; sometimes indeed displaying great inge^ 
Buity, and approximating closely to the truth, but more com- 
monly, so extravagant as. to be the butt of ridicule. 

Prill. Geology is likewise dependent upon an advaneed 
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and aeeuraie knowledge of chemistry, botanj, and zoology* 
aach a knowledge as has been attained anl'jr within the last half 
century. On uiis account also, all previous speculations on 
geology must have been crude and fancifuL 

Inf, 1. Hence the earlier hypotheses on cosmogony, which 
have been so long the subject of ridicule, ought not to be con- 
nected with the science of geology, as they have long been, to 
its reproach. 

Inf. 2. Hence the history of the earlier hypotheses, usually 
called Theories of the Earth, is of little importance in its bear- 
ing upon the science of geology ; though nighly amusing and 
inatructiye, as illustrating the struggles of the human mind after 
the truth. A brief sketch only will, therefore, be here given 
of these hypotheses. 

Deser, One of the most prevalent opnions among ancient 
philosj^ers, and which constituted a fundamental princijde in 
their cosmogonies, supposes the worid to have been subject to 
successive destructions and renovations by fire and water. 
The Grecian philosophers, who derived their notions from the 
Egyptian, denominated those catastrophes the Cataclysm, or 
deluge ; and the Ecpyrosis^ or destruction by fire. The inter- 
val between these changes was variously estimated firom 120.000 
to 360.000 years. 

Descr. Pythagoras entertained very accurate notions respect- 
ing the operation of existing causes of geological change on the 
globe ; such as the changes of sea into dry land, and the re- 
verse ; the formation of deltas and other alluvial deposits ; and 
the formation of islands by the action of oceanic currents. In 
feet, this philosopher approximated as nearly to the modern 
views of geologists on these subjects, as he did to those of mod- 
em astronomers respecting the heavenly bodies. 

Descr. We find Strabo, the geographer, explaining the man- 
ner in which fossil marine shells were brought into their situa- 
tion upon theadry land, in a manner that would do no discredit 
to a modem geologist He supposes them deposited originally 
at the bottom of the ocean, whose bed was subsequently elevated 
by earthquakes and volcanic agency. 

Descr, In modern times, alter the dark ages, science began 
first to be revived among the Arabians. Even as early as the 
tenth century, some of their writers, as Avicenna and Omar, 
produced some works on mineralogy and geology, which were 
not without considerable merit. 

Descr. Among Christian nations, geological facts first began 
to excite attention in Italy, in the early part of the sixteenth 
tmduij* Two ouestiona were stated respecting organic re- 
Majpa; first, whetner they ever belonsred to livt*''* ov^m'^^i end 
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plants : secondly, if the affirmative of this question be admitted, 
whether the petrifaction and situation of these remains could be 
explained by the deluge of Noah. 

Descr, These questions occupied the learned world for 
nearly 300 years. At the commencement of the controversy in 
Italy, in 1517, Fracastoro maintained, in the true sjorit of the 
geoIo?y of the present 4ay, that fossil shells all once belonged 
to living animals, and that the Noachian deluge was too tran- 
sient an event to explain the phenomena of their fossilization. 
But Mattioli regarded them as the result of the operation of a 
certain materia pingwis, or " fatty matter,^ fermented by heat. 
Fallopio, Professor of Anatomy, supposes that they acquire 
their forms in some cases, by "the tumultuous movements of ter- 
restrial exhalations ;" and that the tusks of elephants were mere 
earthy concretions. Mercati conceived that tneir peculiar con- 
figaration was derived from the influence of the heavenly bodies ; 
while Olivi regarded them as mere "sports of nature. Felix 
Plater, Professor of Anatomy at Basil, in 1517, referred the 
bones of an elephant, found at Lucerne, to a giant at least 19 
feet high: and in England similar bones were regarded as 
those of the fallen angels 1 

Descr. At the beginning of the 18th century, numerous 
theologians in England, France, Germany, and Italy, engaged 
ea^rly in the controversy respecting organic remains. The 
point which they discussed with the greatest zeal, was the con- 
nection of fossils with the deluge of Noah. That these were 
all deposited by that event, was for more than a century the 
prevailing doctrine, which was maintained with great assurance; 
and a denial of it regarded as nearly equivalent to a denial of 
the whole Bible. 

Descr. The question, also, whether fossils ever had an 
animated existence, was discussed in England till near the close 
of the 17th century. In 1677, Dr. Plot attributed their origin 
to " a plastic virtue latent in the earth." Scheuchzer in Italy, 
however, in ridicule of this opinion, published a work entitled, 
Querula Piscium ; Gt the Complaints of the Fishes ; in which 
those animals are made to remonstrate with great earnestness 
that they are denied an animated existence. 

Descr. Such discussions, however, tended to lead men to 
the collection of facts : and in 1678, we find Lester publishing 
an accurate account of British shells, to which were added the 
fossil species, under the name, however, of turbinated and H- 
valve stones. He also first proposed the construction of regular 
geological maps. 

Descr, In 1680 the distinguished mathematician Leibnits. 

26* 
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kk ^ PMndogmmf in wliich ke dereloped a tkeoiy of 
ike foiiatwwi of tkt cutk, wad, of mbseqaent changes in iu 
cnuc almost exacdr like that wkick is now so widely adopted 
asoag ginkigiiti nnder tke name of Ike igneous tkeoiy. 

Dacn In tke postknnkNu woiks ot Robert Hooks, an 
Fn^ik pkracian. pnhiiAed in 1668. are many riews muck in 
adTaafis of kis time. lespecting ecological changes and pkenome- 
■a: fsprrisBr iryrting eaithquskes and organic roaains; 
wkick ke mamfshn could not kaTe been produced by tke No- 
aekian dehige. 

Discr. Tke (MBHofOM nataTalistj Ray, who pnUiskedin 1692, 
kad similaT Tiews witk Hooke : but ke made improTements 
wpon kit pndeeeasor; enecially in describing tke efl^ts of 
aqneows agencies in modifying tke eartVs surface. 

Dejcr. In most of tke tkoMies of tke eartk, kowever, tkat 
appeared in England in tke latter part of tke 17tk and tke first 
part of tke 18tk century, a strong determination is manifested 
to connect geoloey witk theology. Tkis gave rise to what has 
beencalled Uie Physico-ThM^ogical School of writers. In 1690, 
Burnet published a risionary woik, entitled ^The Sacred 
Theory of the Earth ; containing an account of the Original of 
the Earth, and all the general changes which it hath already 
underaone, or is to undergoi, till the consummation of all things." 
This being written in an elegant style, attracted no little atten- 
tion. About the same time, Woodward, a Professor in Medi- 
cine, published a theory of the earth, in which he maintained 
that " the whole terrestrial globe was taken to pieces and dis- 
solved at the flood, and that the strata settled down from this 
promiscuous mass, as any earthy sediment, from a fluid." In 
1724, his disciple, Hatchinson, came out with the first part of 
his " Moses's Priocipia ;" in which he attacked the theory of his 
master, as well as Newton's theory of gravitation : and he and 
hii numerous followers maintained, that the Scriptures, when 
rightly understood, contain a perfect system of natural philoso- 
phy. This was the dogma which chiefly distinguished the 
Hutch insonian, or Physico-Theolo^cal School ; and its perni- 
cious influence on the cause of religion and learning has scarcely 
yet ceased. 

Descr, The Italian geologists, who were contemporaries of 
these English cosmogonists, were far more rational in their 
viewi. They devoted themselves with considerable success to 
an examination of geological phenomena, and rejected the 
visionary notions of the English. The writings of YaUisneri, 
Moro, Generelli, Donati, Targiona, &c. discover a good deal of 
industry in observation and acuteness in reasoning. 



WERNER AND HUTTON. ^295* 

Deser. In 1749, Buffon, the French naturalist, produced an 
elegantly written hypothesis upon the formation of earth, hased 
chiefly upon the views of Leihnitz already explained. Some of 
his views gave offence to the Faculty of Tneology at Paris j 
and he was compelled, like Galileo, to retract opinions, which 
at this day are maintained hy geologists, with no suspicion that 
they contradict the scriptures. 

Descr. Ahout the middle of the 18th century, some valuable 
works were produced by Lehman, a German mineralogist, by 
the botanist Gesner of Zurich, and by Mitchell an Englishman, 
on earthquakes. About the same time, appeared the work of 
Catcott on the Deluge : and although of the physico -theologi- 
cal school, he gave some valuable facts relating to diluvial cur« 
rents. 

Descr. Numerous other writers on geology, towards the 
close of the 18th century, might be named. But Pallas and 
Saussure were the most distinguished. The former examined 
the mountains of Siberia, and pointed out the order in which 
the rocks theie occur. The latter spent most of his time in 
studying the nature of the Alps, and provided valuable materi- 
als for his successors. 

Descr. In Germany, France, and Hungary, schools have 
long existed for giving instruction in the art of mining. In 
1775, Werner was appointed professor in one of these institu- 
tions, at Freyburg, in Saxony : and in his lectures he attempted 
certain generalizations, in regard to the position and origin of 
rocks, tnat were very extensively adopted, and for a long time 
excited much controversy. He supposes that all rocks, the un- 
stratified as well as the stratified, were deposited by water ; and 
that originally every formation was universal on the globe: 
and that veins were filled by matter introduced from above, in 
aqueous solution. On account of his referring all deposits to 
the agency of water, his views were denominated the Neptunian 
Theory. 

Descr. Nearly at the same time, a Scotch geologist by the 
name of Hutton, published a Theory of the Earth, opposed in 
most respects to tne doctrines of Werner. He supposes that 
the rocks which form our present continents were derived from 
the ruins of former continents ; which were abraded and carried 
into the sea by the agency of running water ; just as the same 
agency is now spreading over the bottom of the ocean, deposits 
of mud, sand, and gravel. Afterwards the unstratified- rocks, 
in a melted state were protruded through these deposits, by 
which they were consolidated, rendered more or less crystalline, 
and elevated into their present condition. Many of the fissures 
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also, were filled with metallic and other matter, iiyected from 
beneath. When our present continents are nearly all worn 
down, Hutton supposes this process of consolidation and eleva- 
tion may be repeated. Indeed, in these chan^ he sees '' no 
traces or a beginning, no prospect of an end." Professor Plaj- 
fair, howeyer, in his illustration of this theory, endeavors to 
show that Hutton did not mean by such language that the 
world is eternal : but only that geology, like astronomy, does not 
disclose to us the time when this senes of changes commenced. 

Descr. These rival hypotheses excited a great deal of dis- 
eussion, both on the European continent and in England, for a 
great number of years. The final result is, that the theory of 
Werner has been almost universally abandoned ; especially so 
far as the unstratified rocks are concerned ; while that of Hut- 
ton, denominated also the Plutonian theory, has, in its essential 
principles, been adopted by most geologists of the present day. 

Descr. During these discussions between the Neptunists and 
the Plutonists, a humble individual in England, Mr. William 
Smith, was accomplishing more for geology than W its learned 
professors. He explored the whole of England on foot ; 'and in 
1790, published a "Tabular View of the British Strata," in 
which he classified the secondary rocks ; and although not ac- 
ouainted with Werner's arrangement, he proposed essentially 
the same order of superposition among the rocks as that geolo- 
gist. He also ascertained that strata, somewhat remote from 
one another, could be identified by their organic remains. By 
extraordinary perseverance, he was able, in 1815, to publish a 
geological map of the whole of England. 

Descr. One important efiect of excessive theorizing, was to 
produce an almost universal scepticism in unprejudiced philoso- 
phical minds in respect to all geological hypotheses; and to 
make them feel the importance of amassing facts. Out of these 
feelings grew the London Geological Society, which was founded 
in 1807; and which has contributed more than any other public 
institution, to advance the science. This Society selected a 
sentence for their motto, from the Novum Oreanum of Lord 
Bacon, which invites " those to join them as the true sons of . 
science, who have a desire, and a determination, not so much to 
adhere to things already discovered, and to use them, as to 
push forward to farther discoveries ; and to conquer nature, not 
Dy disputing an adversary, but by labor ; and who, finally, do 
not indulge in beautiful and probable speculation, but endeavor 
to attain certainty in their knowledge." 

Descr, The example thus set in England, has been followed 
in nearly every part of the civilized world ; and geological so* 
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eieties, both local and national, have been formed in so great 
numbers, that even their names cannot here be given. The 
London Geological Society has already produced eight quarto 
volumes of transactions. Many of the ablest philosophers of 
the age have devoted themselves to geological researches : and 
have applied the principles of induction with great success ; so 
that probably no other science has made so rapid advances 
within the last half century, as geology. Very numerous geo- 
logical collections have been formed in almost every part of the 
civilized world : accurate geological maps have been constructed, 
of nearly all Europe : ana much interest is felt in the subject 
among all classes of the community. 

DescT, The rapid progress of the collateral branches of 
science, and their successful application to palaeontology, are to 
be regarded as among the most important means by which ge- 
ology has been thus rapidly advanced. The most important 
application of this sort, was that of comparative anatomy, to de- 
termine the character of organic remains, by the Baron Cuvier 
in his great work entitled, Ossemens Fossiles, ^c, in seven 
quarto volumes ; first published in 1812. Numerous success- 
ful applications have also been made of the discoveries in the 
various departments of zoology and botany, to the same object : 
the result of which has been, the great works of Goldfuss, 
Sowerby, Bronn, &c. on petrified molluscs, zoophytes, &c. that 
of Agassiz on fossil fishes ; and those of Adolphe Brongniart 
and of Lindley and Hutton, on fossil plants. The splendid 
work of Cuvier and Alexander Brongniart " on the mineral 
geography and organic remains of the neighborhood of Paris,'* 
published in 1811, constituted an era in geology; because it di- 
rected the attention of geologists to the tertiary strata, from 
which they have since gathered so rich a harvest. 

Descr, The present state of facts and theories in geology 
may be learnt from the preceding pages. Very many of the 
principles, which are now re garden as belonging to the science, 
may be considered as settled, as much as they are in most phy- 
sical sciences : tfiough some of them may doubtless experience 
slight modifications. A few points of importance yet remain 
in a great measure unsettled. Perhaps on no one is there 
more diversity of opinion, than concerning diluvial action. In- 
deed, the whole history of opinions on this subject is very in-, 
structive. When the subject was first discussed, as much as 
300 years ago, it was assumed as a most unquestionable fact, 
that whatever marks of a deluge any part of the earth's surface, 
exhibited, or even of the former presence of the ocean on the 
land, all must be referred to the deluge of Noah. Nay it was 
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soon ■^^***»**^ ^t ikb wkole solid frame woik of the g^obt 
was d is solr cd and le-deposited by the dihiyial waters. One a^ 
ter anotWr kara tkeae extiaTaganeies of hypothesis been giTea 
luiL and nearij all eeoloeists have come to the conchisioii, 
tM«dk witkont den jins mt ocenmnee of the Noaehian del- 
mgeTubat no ecrtain maiks of that eyent are now to be discor- 
ded on the ^obe. Nay, the qnestion now is, whether there n 
any eridenee of ^ occnrrenee of a general flood at any epoch; 
Not a few beiieTe that no sneh OTidenee extsts ; while those 
who admit of a geneial deluge, lor the most part, regard it as 
haTing taken place anterior to man's existence on Uie globe. 
Tke lecent glacial theory, explained in a preceding section, 
makes it Teiy probable, that what has so long been regarded as 
pvoofe of recent dehiges. has been the result chiefly ofice, with 
no other dehige hot what resulted from the mating of the ice. 
Afler eaitmies of discussion, it is also beginning to be found 
out. that ihB lacts are yet Tery.impeifectly known ; and to an 
examination of these, geologists are nowdevoting great attention. 
Ihscr^ In Amencan mineralogy and gewogy, almost lite- 
rally nothing had been done at the c<mimencement of the nine- 
teenth century. A lew individuais indeed, among whon^may 
be mendoned Dr. Seybert of Philadelphia, Dr. S. L. BAitcheU 
of New York, and I>r. B. Waterhouse of Harvard University, 
had commenced rather earlier than this, to make coUections, 
and to call the public mind to these subjects. But the retam 
of Mr. B. D. Pendns, and of Dr. A. Bruce from Europe, in 1802, 
and 1803, with beautifrd collections, and of CoL Gibbs in 1805, 
with his splendid cabinet, began to awaken more interest ; so 
that ere long courses of lectures upon them were introduced into 
several of our colleges. In 1807, William Madura returned 
from Europe, and commenced, single handed, the Herculean task 
of exploring the geology of the United States ; and after several 
years of labor, during which he crossed the Allegany range of 
mountains at difierent places not less than fifty times, he ae 
tually produced a geological map of this whole country * which, 
though it dves only the Wemerian classes of rocks, forms a* 
most valuable outline, and is a monument of great industry and 
perseverance. In 1 8 1 0, Dr. Bruce commenced his Mineralogical 
Journal, the first scientific journal ever undertaken in this coun- 
try. But though ably commenced, it reached only the fourth 
number, in consequence of the sickness and death of its editor. 
In 1818, Professor Silliman, who had long been among the most 
diHtinguished and successful pioneers and teachers of these 
sciences, commenced the Amencan Journal of Science ; a work 
which has been continued, often at great personal and peemiiaiy 
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ftierifieefl on the part of its editor, till it has now completed its 
41st. volume : and which has been a most efiicient means of pro- 
moting, not only mineralogy and geology, but all the physical 
sciences in the United States. In this connection, the valuable 
Elementary Treatise on Mineralogy and Geology by Professor 
Cleveland, another of the early and distinguished cultivators of 
those sciences in this country, ought to be mentioned. It was 
published in 1816; and for a long time continued to be almost 
the only American work on these subjects of any importance. 
Since it was out of print the able works of Professor Shepard 
and Mr Dana on Mineralogy have taken its place. 

Descr, In 1818, the American Geological Society was or- 
ganized. But it has never accomplished much for the science; 
not having published any separate volume of transactions. The 
Academy of Natural Sciences at Philadelphia, the Lyceum of 
Natural History at New York, and the American Academy of 
Arts and Sciences at Boston, have from time to time given va- 
luable papers in their transactions on mineralogy and geology ; 
while several societies of more recent organization, but limited 
to particular districts of country, have been still more devoted 
to these subjects. The want of a general organization for the 
whole country, has long been felt to oe a most powerful obstacle 
to the progress of Geology: and in April, 1840, those gentle- 
men who are engaged in the state surveys, met in Philadelphia, 
and formed themselves into the Association of American Geolo- 
gists. Their second annual meeting was held in the same city 
on the first Monday of April, 1841, and it now numbers 79 
members. Its next meeting was held in Boston on the last 
Monday of April, 1 842. 

Descr. An important feature in the history of American 
geology, is the numerous geological surveys that have been 
executed, or are still in progress, under the patronage and direc- 
tion of the state authorities, as well as the United States Govern- 
ment. The leading object of these surveys, is to develope those 
mineifal resources of the country, that are of economical value. 
But with a commendable liberality, the Legislatures have en- 
couraged accurate researches into the scientific geology, and 
sometimes also into the botany and zoology bf the several states. 
So numerous have these surveys become, that I may not be 
able to gi\re in all cases their entire history up to the present^ 
time ; but since they constitute an important era in our geology, 
I shall give all the useful facts within my reach. 

Descr. The first survey, authorized by the government of a 
state, was that of North Carolina ; which was committed to 
Professor Olmsted, who made a valuable report in two parts, the 
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first in 1824, and the second in 1825 ; in wliich the economical 
geology of a considerable part of the state was giyen in a pamph- 
let of 141 pages. 

Descr. The year following, South Carolina gave a similar 
commission to Professor Vanuxem, whose report was published 
only in the newspapers. 

Descr. The survey of Massachusetts was proposed by Gov. 
Lincoln in 1830, and commenced the siime year by the author of 
this work. The first Report on the Economical Geology of the 
State was made in 1832, in a pamphlet of 70 pages. In 1833 
a full report on the whole subject was made, in a volume of 702 
pages, with an atlas of plates and a ecological map : of which a 
second edition was directed to be printed in 1834. In 1837, on 
recommendation of Governor Everett, a farther examination of 
some parts of the geology of the state was ordered : and in 
1838 a report of this re-examination, embracing only the eco- 
nomical geology, was made in a pamphlet of 139 pages. The 
fiual report is just published in two quarto volumes of 300 and 
844 pages, with 56 plates and 282 wood cuts. The report of 
1833, embraced also the zoology and botany of the state; and 
when the re-exami^ation was ordered, these departments were 
committed to Professors Dewey and Emmons: Rev. W. O. B. 
Peabody, Drs. Harris, Gould, and Storer ; and George B. Emer- 
son, Esq, most of whom have already made extended reports. 

Descr. Tennessee was only two or three years later than 
Massachusetts in commencing a geological survey, under the 
superintendence of Professor Troost. In 1839 he had made 
five annual reports, the three last of which were pamphlets of 
32, 37, and 75, pages ; with a geological map of the whole state 
in that of 1839. 

Descr, In 1834, Professor Ducatel was directed to make a 
Reconnoissance of the state of Maryland ; and his report the 
next year was a pamphlet of 38 pages. This survey embraces 
the topography ; of which Professor Alexander has charge. 
Seven annual reports in addition to the reconnoissance have 
been made by Prof Ducatel, of about 50 pages each, with maps 
and sections. 

Descr. G. W. Featherstonehaugh in 1834, received a com- 
mission from the government of the United States, to examine 
geologically " the territory of Arkansas and the adjacent public 
lands." His first report of 97 pages, with an extensive geologi- 
cal section, embracing 1600 miles, appeared in 1835, and his 
second of 161 pages, with four sections, in 1836. 

Descr. The survey of New Jersey was ordered in 1835, and 
a report made by Professor Henry D. Roe^rs in 1836, in a 
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patnplilet of 188 pslges, untii extensive sections; tlie sarvey 
naving been ordered the preceding year. His final report of 
361 pa^es was published m 184Q, accompanied by a geological 
map or the state. 

Descr. The survey of New York was commenced in 1836. 
It embraced zoology and botany as well as geology ; and was 
put into the hands of four principal geologists, viz. Profs. Ma- 
ther, Vanuxem, and Emmons, with Mr. (%nrad, who were to 
employ each an assistant ; one botanist, viz. Prof. Torrey ; one 
zoologist, viz. Dr. J. E. De Kay ; and one chemist, viz. Profes- 
sor L. C. Beck. Subsequently Mr. Conrad was appointed pa- 
laeontologist to the survey ; and Mr. L. Hall took his place as 
geologist. These gentlemen made their first report in 1837, in 
a pamphlet of 212 pages, their second report m 1838, of 384 
pages; their third report in 1839, of 351 pages; their fourth 
report in 1840, of 484 pages ; and their fifth report in 1841 of 
184 pages. The survey is now completed. 

Descr. The first report, which was a reconnoissance of the 
geology of Virginia, was made by Prof Wm. B. Rogers in 1835, 
of 36 quarto pages : his second report, in 1836, of 30 pages ; 
his third in 1837, of 54 pages ; his fourth in 1838, of 32 quarto 
pages ; and his fifth in 1 839^ of 161 pages, and the sixth of 132 
pages. Prof Rogers is aided in this work by five assistants : 
two of whom are occupied in the chemical laboratory. 

Descr. A survey was directed of the state of Maine in 1836, 
under the care of Dr. Charles T. Jackson. He made his first 
^port in 1837, of 128 pages: his second in 1838, of 168 pages ; 
and his third in 1839, of 340 paees. The work is now sus- 
pended, at least for a season : though it is hoped that it will not 
be finally abandoned. Dr. Jackson had also a commission from 
Massachusetts and Maine, to examine the unsettled lands owned 
by them jointly, and he has made two reports on this subject in 
1837 and 1838. 

Descr. The survey of Connecticut was commenced in 1835 ; 
and committed to Dr. J. G. Percival for the geology, and to 
Prof. C. U. Shepard for the mineralogy. The latter gentleman 
made a report, m 1837, of 188 pages. Dr. Percival has not 
yet made his report, but it is expected speedily. 

Descr. The survey of Pennsylvania was begun in 1836, by 
Prof. Henry D. Rogers ; who the same year made a report of 
22 pages : and in 1837, another of 93 pages : also one in 1838, 
of 1 19 pages, another in 1839, of 252 pages, and a fifth in 1840, 
of 179 pages. Prof. Rogers has five assistants, one of whom is 
devoted to the laboratory, and four sub assistants. 

Descr. The first Geological Report on the state of Ohio, was 

25 
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to the g O Te nu nent in 1839 <^ 134 mgM. TliismirTey 

is under the direction oi Pio£ W. W. Mather, as principal 
geologist, aided hy Dr. S. P. Hildreth, J. P. Kirtland, and 
Locke, and Professor Briggs, J. W. Foster, Esq. and CoL J. W. 
Whittlesey. The latter gentleman has chi^ge of the topograph- 
ical department, and I>8. iCirtland and Locke of the zoology and 
botany. Their Ciecond report in 1838 contains 286 pages with 
nnmeroos drawings. This snrrey is for the present suspended. 

Descr. In I>e£tware, the worK was commenced in 1S37, by 
James C. Booth, £eq-t who has made two annual reports, in 1838 
and 1839, in a pamphlet of 26 pages, and his final report of 18S 
pages is just published. 

Descr. In Michigan, the survey was committed to Douglass 
Houghton Esq., with two sub assistants in geology, one assistant 
in zoology, one botanist and zoologist, and one topographer and 
draughtsman. In 1838, the first report appeared of 37 pfteed : 
in 1839, the second report of 123 pages ; in 1840, the third re- 
port of 124 pages, and in 1841, the fourth of 184 pagee. 

Descr. The survey of Indiana was commenced in 1837, by 
Dr. D. D. Owen ; who in 1838, produced his first report of 34 
paffes ; and in 1 839, his second report, of 54 pages. 

Descr, In 1 839. the legislature of Rhode Island commissioned 
Dr. Charles T. Jackson to make*a geological and agricultural 
survey of that state, and his report of 322 pages with a g^logi- 
onl map has been published. 

In 1840, the same eentleman was appointed to survey New 
Hampshire ; and his first annual report of 164 pages has been 
published in 1841. 

Descr, In Georgia, Mr. John R. Cotting was commissioned 
in 1836 ; and he informs me that half the state has been sur- 
veyed ; that three section lines, from 300 to 430 miles long, have 
been explored ; and that it is intended to publish a volume of 
600 pages, shortly. 

Descr, In 1838^ the legislature of Kentucky directed a 

Geological Reconnoissance of the State to be made, preparatory 

to a more accurate survey. This was executed by Prof W. W . 

Mather, who reported at the close of the year in a pamphlet of 

40 pages. But I believe the work has not yet been prosecuted 

fartner : although the developments made in Prof. Mather's re« 

port, of the mineral resources of the state, are such that there 

can hardly be a doubt but the survey will be continued, by a 

I paople as intelligent as those of Kentucky. 

F Descr. ^ Professor W. M. Carpenter is now engaged (1842) 

t oy direction of the Legislature, m making an examination pre- 

r luninary to a general geological survey of the State of Louisiana. 
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In 1839, Dr. D. D. Owen was commissioned by the govern- 
ment of the United States, to examine the territory of Iowa : or 
at least, its most promising mineral districts. The work was 
prosecuted by Mr. Owen with as many as 120 assistants ; and 
a report of 161 pa^s was published in 1840. 

Kesults. Thus it appears, that within the last 16 or 17 years, 
surveys have been commenced in 20 states and two territories j 
of this Union ; embracing an area of nearly 700.000 square J 
miles. For the last four or five years, not less than 65 geolo- 
gists and assistant geologists have been constantly employed in 
tnis work. Geological maps of Massachusetts, Khode Island, 
New Jersey, and Tennessee, have already been published ; and 
they are nearly prepared in many other states, so that we may 
expect ere long a complete geological map of the United States. 
The collections of specimens that have oeen made and will be 
deposited in the capitals of the different states and of the United 
States will be of great extent and value, and the vast number of 
chemical analyses that have been made of different substances 
will prove of the utmost value. See my Anniversary Address 
before the Association of American Geologists in Philadelphia, 
in April, 1841, where the facts are given in greater detail. 

Descr. It ought not to be omitted in this connection, that 
at an earlier date than any of the state surveys were undertaken, 
the late Hon. Stephen Van Rensselaer, with mat liberality and 
munificence, directed a geological survey to be made of the re- 
gion bordering upon the Erie Canal ; and that Mr. Amos Eaton, 
who was empoyed, made a report of 163 pages in 1824; with 
an extended section from the Atlantic to Lake Erie. 

Descr. Within a few years past, the British provinces of 
Nova Scotia and New Brunswick have been geologically ex- 
amined by Dr. Gessner, who has published reports of his labours. 

Descr. As early as 1822, a geological survey of France was 
commenced by order of the Government, under the direction of 
M. M. Brochant de Yilliers,' De Beaumont, and Dufr6noy. 
This work has been prosecuted with great ability for 20 years, 
and recently a large geological map of the whole kingdom has 
appeared. WhewelVs History of the Inductive Sciences, Vol. 3. * 
p. 534. London, 1837. 

Descr. In his Anniversary Address before the London Ge- 
ological Society in February, 1836, PhiU Mag. Vol, 8. 3^. Se- 
ries, p. 568. Mr. Lyell says, " early in the Spring of last year, 
an application was made by the Master General and Board of 
Ordnance, to Dr. Buckland and Mr. Sedgwick, as Professors of 
Geology in the Universities of Oxford and Cambridge ; and to 
myself as President of the Geological Society, to ofibi our 
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opinion as to the expediency of combining a gedlo^cal exami- 
nation of the En^ish counties with the geographical surveys 
now in progress." The plan was adopted ; and H. L. De la 
Beche commissioned to make the Survey. In 1839 he made a 
report on the Geology of Cornwall, Devon, and West Somerset 
in a volume of 684 pages, with 12 Plates. | 

Inf, Those whose recollection enaUes them to compare the 1 
state of geological science 30 ^ears ago with its present condi-. 
tion, and the ^most univMsai interest now taken in it, with the 
almost entixe absenee of all interest or knowledee on the subject 
then, will hardly venture to predict what will be its condition 
30 years hence. 



SECTION XL 



OSOORAPHICAL OSOLOGY. 



Def. By Geog^rcuphical Geology I mean a description o£ the 
geology of ai£[ereiit countries of the globe. Like simple geogra- 
phy, uAs must be very imperfect in regard to many countries, 
indeed, the geology of some extensive regions must be con- 
sidered as too little Known to admit of description. ' 



EUROPE. 



England, 

Rem. The rocks of no country on the dobe have been studied 
so carefully and successfufly as those of England. Indeed, the 
descriptions of rocks in general, given in this treatise, is based 
upon those of Great Britain : and, therefore, little more will 
here be needed than to describe briefly their dutribution in that 
country. 

Descr. The primary rocks are confined chiefly to the west 
or mountainous part of En^and, viz. Wales, Cumberland, 
Cornwall, and Devon. In proceeding easterly, the country be- 
comes hilly and then level, and the rocks generally become 
newer and newer, until we reach the alluvium of the eastern 
coast. The unstratified rocks are mostly confined to the west- 
em districts, as are the Cambrian and the Silurian Groups. 
The estuary of the Thames contains the principal deposit of the 
tertiary strata. 

Descr, Probably coal is the most important mineral found 
in England ; and that country is remarkably well supplied with 
^M. Conybeaie and Phillips describes five great coal districts : 
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1. Tkttt north of the Trent: 2. Central coal district: 3. West- 
ern coal district : 4. Middle western, or Shropshire : 5. South 
western. Some statements^ however, have already been made 
in respect to the coal deposits of England, on page 62. The 
annual amount of coal dug and consumed in England and Ire- 
land is about 15.500.000 tons. 

Descr, Extensive deposits of iron often accompany the coal 
of England : as well as the limestone necessary for smelting 
the ore ; and the firestones for the furnaces ; while the coal sup- 
plies the fuel. In 1839, the amount of iron manufactured from 
ore in England, was 1.312.000 tons. Mining Review, Dec, 
1839, p. 182. 

Descr. England contains several mining districts where 
other metals are found; the chief of which are, copper, tin, 
lead, and antimony. In Cornwall and Devon, the mines of 
these metals are in primary or transition rocks. Rich lead 
mines with copper and zinc, are also found in the mountain 
limestohe of England and Wales. The amount of oxide of 
tin raised in 1839, was 4868 tons. Mining Revieto for Fehy. 
1840,;?. 14. The amount of lead in 1835, was 46.112 tons, 
and the amount of copper in 1837 was 11.209 tons. 

Descr. In the new red sandstone at Northwich, is a valuable 
deposit of rock salt, the two beds being 60 feet in thickness and 
a mile and a half long. The salt springs at Droitwich produce 
700.000 bushels of salt yearly, and the whole amount in all Eng- 
land, is 15.000.000 bushels. In the London clay, the septaria 
produces the valuable Roman Cement ; which is carried all over 
the world. Many other valuable minerals exist in the rocks of 
England, which cannot be here specified. 

Scotland, 

Descr. Scotland is much more mountainous than England, 
and is composed generally of primary and older set^ndary rocks. 
All the varieties of the former occur here, and arS fully devel- 
oped. They consist of granite, syenite, porphyry, trap, and 
serpentine; which are unstratified, and of gneiss, mica slate, 
quartz rock, and clay slate, which are stratified. The secondary 
rocks are graywacke, old and new red sandstone, mountain lime- 
stone, coal formation, lias and oolite, which are covered with 
diluvium and alluvium. 

Descr. The amount of iron smelted in Scotland in 1839, 
was 200.000 tons. Copper, lead and silver, are also obtained 
there. The annual value of lead is about 603.000, and of the 
silver, $44,400. Several important coal fields exists, which fur- 

26* 



30d tEftLA»0. 



niih a large rapply. The Mid Lothian coal BMm prodnee an- 
nually 390.00 tone ; and they are eakolated to contain 2250 
milUont of torn: which wouhi gnpply the whole of Great 
Britain, which annually conaumea 30 milliona of tons, for 75 
years Mining Review, OcL 1839, p. 149. The Broia coal is 
said to be in oolite : but its Quality is poor. 

Descr. The Western Islands of Scotland are remaikable 
for unstratified rocks, which produce much wild and interesting 
scenery. See Macculloeh^s Weitem Islands^ in three VchMti, 
London, 1810. 

Ireland. 

Descr, 'All the primary and older secondary rocks, both 
stratified and' unstratified, occur in Ireland on an extensive 
scale. Chalk also is found beneath the trapi Perhaps the 
most striking feature of Irish geology is the vast deposit of trap 
in the northern part of the island. It occupies an area of 800 
square miles, and is 545 feet in average thickness. Where it 
extends to the coast, it exhibits the famous columns, which con- 
stitute the Giant's Causeway and Fineal's Cave : the latter be- 
ing upon the island of Staffa. The chalk on which this trap 
rests, is often changed into granular limestone. Beneath the 
ohalk lie green sand, lias, ana variegated marls. 

Descr, Ireland contains several coal fields. Nearly all that 
in the province of Munster is anthracite ; which is used to 
some extent for burning lime. The other basins produce bitu- 
minous coal. The peat bogs in that country occupy, it is said, 
more than one tenth of the island, and are from 15 to 25 feet 
thick. Iron is also wrought to some extent ; as are copper and 
lead. The single mine of AUihies produces more than 2000 
tons of copper annually ; and those of Coonbane and Tigrony, 
in 1811,^j)roduced 1046 tons. Native gold also occurs in con- 
aiderable quantity. 

Denmark. 

Descr, This low and flat country is composed almost en- 
tirely of the deposits of weald, clay, and chalk, covered by ter- 
tiary and drift ; and these in their turn often by diluvium. 

Descr, Iceland and the Faroe Islands, which are under tho 
jurisdiction of Denmark, are composed almost entirely of igni- 
genous rocks of two eras : the first that of dolerite or green- 
stone ; and the second, that of modem volcanos. Some of the 
most terrible eruptions of modem times have occurred in Ice- 
land. The amygdaloidal rocks of these islands are celebrated 
for the splendid seolites which they afford. 
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Sweden^ NorwcLy^ and Lapland. 

Descr, These extensive countries form the ancient Scandi- 
navia. It is rough and mountainous, and the rocks are* mostly 
primary, with the older secondary ; though chalk is said to occur; 
and in Sweden some recent tertiary strata. The mountains are 
mostly gneiss with mica and talcose slates, and in Norway aire 
extensive deposits of porphyry and syenite. But the diluvium 
or bowlder formation that is spread over this country, is per- 
haps the most remarkable in tne whole series. This, however, 
has been already described in a preceding section. I would 
only remark here, that diluvial phenomena in Scandinavia ap- 
pear to resemble those in New England more nearly than in any 
European country. And there is a good deal of resemblance 
in the rocks and minerals ; especially Detween those of Norway 
and New England. 

Descr. The mines of Sweden have long been well known. 
Those of gold and silver yield much less now than formerly. 
Those of K^ongsberg have been considered the richest in Eu- 
rope. A mass of native silver, was once found here weighing 
600 pounds. The copper mines are very prolific: that of 
Fahlun alone yielding annually 510 tons. Cobalt is also 
wrought in several places. From the sulphurets of iron and 
copper, sulphate of iron or copperas is manufactured in large 
quantity. In Sweden and Norway, 120.000 tons of iron were 
manufactured in 1839. The immense beds of iron are usually 
connected with the gneiss. Extensive quarries of granite, 
marble, and porphyry, the latter the finest in Europe, are also 
worked. 

Holland and Belgium. 

Descr. These countries are proverbial for the flatness of 
their almost entire surface; although some parts are hilly. 
But much of the land lies even below the level of the sea, and 
is defended by dykes. As might be expected, no primary 
rocks occur : nor any unstratified rocks. Clay slate is the old- 
est; and most of these secondary strata are superimposed upon 
this, with one or two tertiary basins, and a coat of diluvium. 

Descr, Both anthracite and bituminous coal are found 
in Belgium; the latter in great abundance. In 1837 her 250 
coal mines yielded 1.600.000 tons: and the iron mines in 1839, 
80.000. Mining Review for July, 1838, p. 109 ; and for 
January, 1840, p. 6. 

France, 
Descr. This extensive country, embracing an area of more 
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than 200.000 square miles, is generally level : tkougli in its cen- 
tral parts mountains rise 5000 or 6000 feet ; and the hiehest 
mountains of Europe, the Alps, are on its borders. Nearly all 
the stratified and unstratified rocks, from the oldest to the most 
recent, are found here. The carboniferous strata are far less 
extensive than in England : but the new red sandstone, and the 
jura or oolitic limestones form extensive tracts. Chalk also 
occurs in vast abundance : and there are not less than six exten- 
sive basins of tertiary deposits. Diluvium is abundant, and 
interesting by the remains of extinct animals, especially the 
pachydermata. But perhaps the most remarkable of the forma- 
tions is the district of extinct volcanos in Auvergne ; which has 
long been classic ground for the geologist The rocks are 
tracnyte, basalt, ana tufa. 

Descr. In 1837, the one hundred and ninety eight coal 
mines of France produced 1.150.000 tons of coal; and her iron 
mines, 600.000 tons of iron in 1839. Mining Review, Jtdy,^ 
1838, and January ^ 1840. Her lead mines yield annually about 
1525 tons, and her silver mines about 2800 pounds troy. Be- 
sides these, there are mines of copper, antimony, manganese, 
alum, and vitriol Cobalt, arsenic, nickel, and tin, also occur in 
small quantity. Cluarries of marble, slate, gypsum, flint, and 
buhrstone, are likewise extensively wrought 

Spain. 

Descr. The surface of Spain is strikingly irregular: some 
of the mountains, as the Pyrenees, rising more than 11.000 feet 
above the ocean. The central axis of these mountains is usually 

grimary, or older secondary rocks ; both stratiiied'and unstrati- 
ed. The middle secondary strata, however, sometimes rise to 
a great elevation, as in the Pyrenees. The more recent secon- 
dary, even to the chalk, as well as tertiary deposits, occur. 
Around Olot, in Catalonia, is a region of extinct volcanos, oc- 
cupying 20 square leagues, according to Maclure, who first 
pointed it out LyelVs Elem. GeoL Vol. 2. p. 265. 

Descr. Lead occurs in great quantity in Spain ; one district 
yielded in 1828 no less than 30.000 tons. This deposit is in. 
transition limestone. There are also rich quicksilver mines in 
clay slate. An extensive deposit of rock salt exists at Cardona, 
in the cretaceous rocks. The iron smelted in 1839, was only 
18.000 tons, although the ores are said to be very abundant 
Extensive deposits of coal are found in the province of Astu- 
rias. The sands of the river in this country have long been 
known as yielding gold. 
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Portugal 

Deser. The geological struehue of Portugal is similar to 
tliat of Spain : the older stratified and nnstratined rocks consti- 
tuting the mountains. Gold occurs in the sands of a few of the 
riverSj and is still soueht, but with small success. There are 
also mines of coal, of graphite, of iron, and of quicksilver; i 
and formerly tin was explored. ^ 

Deser, Italy ccHitains the lofHest mountains in Europe, viz. 
a part of the Alps, including Mount Blanc, St Bernard, and the 
Apennine chain. Between these mountains are most beautiful 

Elains. The Apennines are made up in a good measure of 
mestone, belonging to the newest of the primary, or the oldest 
of the secondary rocks : though in some parts are slate, eiipho- 
tide, and gabbro. The sub- Apennine hiDs, at the base of the 
Apennines, are composed of tertiary strata, often containing 
species of shells such as now exist in the Mediterranean. 
And there is evidence that the Apennine chain has been elevated 
3000 or 4000 feet since the deposition of these tertiary strata. 
In Calabria, granite, gneiss, and mica slate exist. Primary rocks 
occur also in the Alps and on the island of Sicily : though most 
of the rocks on this island are secondary and tertiary. Most 
of the English newer secondary rocks occur here. In this 
island, also, is volcanic Etna, nearly 10.000 feet high. On the 
main land, Vesuvius is the only acting volcano, nearly 4000 feet 
in height : though near Naples is a soifatara, which continually 
gives off gases and vap(»r. Brocchi estimates the number of 
craters of extinct volcanos in the vicinity of Naples, at 27. 
The Lipari Islands, as also Pn>cida and Ischia, are all of vol- 
canic origin ; and among the former is the perpetually active 
volcano, Stromboli. In Corsica and Sardinia, the prevailing 
rocks are primary and the older secondary. Jura limestone, 
however, is found there ; and in Sardinia, are tertiary strata 
covered by diluvium witn volcanic rocks. Malta and Uoro are 
chiefly composed of soft limestone. Alone the shores of the 
Mediterranean are deposits of alluvium : and in the fissures and 
caverns of the rocks, is a calcareous deposit, called bone breccia, 
made up of the fragments of the bones of extinct animals, ce- 
mented by carbonate of lime. 

DescT. Italy has lon^ been celebrated for its marbles, such 
as the Carara, the Pentehc, Lumachella, &c. Coal occurs there, 
but is not abundant. In the province of Coserza, axe extensive 
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beds of rock salt SflTer, lead, copper,, and ircm, have been 
wrought : the latter especially. In lo39, Italy, with the islands 
of Elba and Sardinia, produced 50.000 tons of iron. The iron 
mines of Elba have been wroneht from the earliest times. 
Sicily has long supplied nearly 3l Europe with sulphur, dug ' 
from the tertiary cteiys. # 

i Switzerland, 

Descr. The geology of this country of mountains has been 
explored by many of the ablest geologists of Europe, commen- 
cing with Saussure. And although its structure is complicated, 
it has afforded many fine illustrations of geological prmciples. 
The central parts of the Alps are primary : or gneiss, mica slate, 
talcose slate, hornblende slate, and limestone. In the gneiss, 
talc often replaces the mica ; and the rock is then called proto- 
gine : of which Mount Blanc is formed. On the flanks of the 
mountains are deposits of new red sandstone, lias, oolite, green 
sand, chalk, and tertiary strata ; over which are accumulations 
of diluvium The tertiary rocks are from 2000 to 4000 feet 
above the ocean, and mark the height to which these mountains 
have been raised since those strata were deposited. AH the 
older unstratified rocks, as granite, syenite, porphyry, and green- 
stone, are found in the Alps. 

Germany. 

Descr. The south western, and eastern borders of Germany, 
consist of lofty mountains of primitive rocks : which occur 
also in several places more central, as in the Hartz mountains. 
Secondary rocks occur in many places ; though relatively less 
abundant than in Qreat Britain. Yet nearly aS the fossiliferous 
rocks of Great Britain are found in Germany, and in the same 
relative position. A part of the extensive plains of northern 
Grermany is composed of tertiary rocks, covered with diluvial 
detritus from Scandinavia. As many as. four other tertiary 
basins occur in Germany. Indeed, nearly every stratified rock 
that has been found in any part of the world, exists in Grermany. 

Descr. Several coal deposits are found in this country, which 
annually produce about 1.000.000 tons of coaL Salt and gyp- 
sum, are also found in the new red sandstone, and of the former, 
the annual produce is 157.500 tons. The amount of iron manu- 
factured in 1839, in Germany, was about 300.000 tons:, of 
which Austria produced 100.000; Prussia die same and the 
Hartz mountainsg 70.000. The annual produce of the gold 
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sdnes of Gennany, is 182 m'tfrks: of nlver, 123.000 marks: of 
copper, 1950 tons: of lead, 9560 tons : of tin, 400 tons : ofmei"- 
cury and cinnabar, 799 tons i of cobalt, 825 tons : of calamine, 
4140 tons : of arsenic, 530 tons : of bismuth, 75 tons : of anti- 
mony, 120 tons : of manganese, 90 tons. Indeed, this country 
is the most remarkable one in Etirope for mining operations^ 
and for the scientific skill with which they are conducted. 

Hungary ufith Transylvania^ Scla/vonia, Croatia, and the Bannat. 

DescT. This extensive region has the Carpathian mountains 
on its north and eastern boraer, and the Juban Alps and other 
mountains on the south. The country in the interior is in 
general hilly, except several plains of great extent. Primary 
rocks occur in several places ; but they are not relatively very 
abundant. Nearly all the secondary and tertiary stratified de- 
posits hitherto described, occur here ; and above them diluvium 
and alluvium. The common unstratified rocks are also found 
here; and in addition we have trachyte in abundance, with 
trachytic porphyries, tufas, and conglomerates ; which are of 
more recent data than the tertiary strata : and one solfatara at 
least exists in the trachytic regions of Transylvania. 

Descr, Hungary produces more ^old and silver than any 
country iu Europe. Hassel states the annual amount of the 
former to be 1050 pounds; and of the latter 41.600 pounds. 
But this is greater than the quantity now obtained. The iron 
annually smelted is about 10.000 tons : of copper, 19.000 tons : 
of lead, 1225 tons : and large quantities of coal and salt are 
obtained. 

Poland and Russia in Europe, 

Descr. Poland and Russia are for the most part a vast plain, 
bounded on the east by the Uralian mountains, and on the south 
by the Carpathian and Silesian chains. These mountains are 
chiefly primary and older secondary ; as are also Finland and 
Russian Lapland. But the tertiary and alluvial strata predo- 
minate in most parts of the country. Nearly all the stratified 
secondary rocks occur ; such as old and new red sandstone with 
the coal formation intervening ; lias and other limestones, and 
green sand and chalk. The tertiary strata correspond rather 
to those in Hungary and France, than to those of England and 
Italy. Over the tertiary is a deposit of clay, sand, and bowlders, 
from 30 to 100 feet thick, which has been brought from the 
northeast ; and this deposit contains the bones of many extinct 
terrestrial animals. Unstratified rocks are uncommon: but 
trachyte occurs in the Caucasian chain. 
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Deser, In Poland occurs in the terduy sttaU, the most ex- 
tensive deposit of salt in Europe. Several other deposits of 
this mineral are found in the new red sandstone with gypsum, 
in Russia. Some coal mines have been opened : but they are 
not extensively wrought. The iron mines of Russia and Poland 
yielded in 1839, about 158.000 tons. Copper is obtained also, 
on the western side of the Uralian mountains. 

Greece and Turkey in Europe, 

Descr. The geology of these countries is very similar to 
that of Hungary, but it has not been minutely described. 

ASIA. 

Turkey in Asia and Arabia. 

Descr. Although many insulated facts are known respecting 
the rocks of these extensive and mountainous regions, yet no 
connected view of their geology can be made out It is certain, 
however, that rocks of every age, stratified and onstratified, are 
found there. A few statements of interest can be made respect- 
ing the geology of Syria, Palestine, and Arabia. 

Descr. In Syria and Palestine, limestone, probably of the 
newer secondary class, is the most abundant rock. It forms the 
greater part of the mountains of Lebanon, Anti Liebanon, Car- 
mel, the mountains of Galilee, and the ridges stretching south 
from the Dead Sea. Much of it is yellowish white and compact, 
not a little resembling the stone used in lithography. At least 
this is the character of the limestone on which Jerusalem is 
built ; and of which the ancient temple of Solomon and the 
houses of the city were constructed ; and it was the material 
from which the tesselated pavement of the streets was formed.* 

Descr. Mount Lebanon has been recently described by M. 
Botta, as consisting of three groups of calcareous rocks. The 
upper group consists of limestone of variable hardness, alternat- 
ing with marls : the middle group embraces siliceous beds and 
nodules, with fossil echini and fishes ; and the lowest ^oup is 
mostly sandstone, with beds of silico-calcareous matter, iron ore 
and Ugnite. The whole formation he refers to the chiBJk. 
Traite Elementaire de Geologic, Par M. Rozet, p. 524, 

* A recent analyaU of the limestone ga^e me in 100 parts, — 
Earthy Residuum ..... 1.00 
Carbonate of Magnesia, . . 0.83 
Carbonate of lime .... 98.17 

100.00 
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Descr. Mount Hor and Wady Mousa, in the ancient Edom, 
are composed of variegated or new red sandstone ; and the ex- 
cavations of Petra, the ancient capital of Edom, are in this rock ] 
which extends to Mount Sinai, and still farther south. On the 
borders of the Dead Sea marly strata occur, and a remarkable 
ridge of rock salt, from 100 to 150 feet high, called Usdum. 
Robinson and Smithes Biblical Researches in F^alestine^ dec. Vol. 
% p. 482. 

Descr. Some of the highest peaks around the Red Sea, are 
said to be composed of granitic rocks. Mount Sinai is wholly 
granite, or perhaps syenite : as are also the mountains on each 
side of the Arabian Gulf Porphyry and greenstone exist also 
in the same mountains. Trap rocks occur at Akaba, the east- 
ern extremity of the Red Sea : and according to Burckhardt, 
ancient volcanic craters may be seen in the same region. Ac- 
cording to Von Boch, the valley of the Jordan, from Mount 
Libanus to the Red Sea^ is a fissure, through which volcanic 
agency has been active, and the character of the Dead Sea, as 
well as the thermal springs on its margin, the existence of vol- 
canic rockf in the same region, the rock salt and great amount 
of bitumen, and the columnar and amygdaloidal rocks existing 
near the Jordan, render it highly probable that this igneous 
agency has been exerted at some former period. Americati 
ffiblical Repository^ Vol 3. Second Series, p. 24, p. 324. 

Descr. Barometical observations had made it almost certain 
that the Dead Sea is sunk many hundred feet below the level 
of the Mediterranean: and very recently (1841) the point has 
been settled by British oflBcers, who have surveyed the region 
between the two seas trigonometrically. They find the Dead 
Sea to be 1337 feet below the Mediterranean. 

Bern. Since the above was written, I have received an extensive series 
of specimens illustrating the geology of Syria and Palestine, especially 
that of Mount Lebanon, irom Rev. Story Hebard, American missionary in 
Syria, who had paid a good deal of attention to geology before leaving 
this country. They confirm the preceding statements essentially. The 
limestones of Mount Lebanon are often pulverulent, and even chalky; 
though some of them are compact. They often contain siliceous nodules ; 
sometimes as large as a man s head, which, on breaking open, present 
splendid gcodes of crystals of quartz, or sometimes of mammillary chalce- 
dony. Solid nodules of hornstone, passing into chalcedony, are also com- 
mon. The limestone contains fine petrifications of one or two species of 
Tellina, and Venus, a Terebra, a Trochus, a Dolium, an Ostrea, an 
Ecfalnoderm, and fishes on a white marl slate somewhat like that of Monte 
Boica, and with homocercal tails. The sandstones are highly ferruginous^ 
and resemble those in this country that are referred to the lower part of 
the cretaceous group. In this sandstone occur beds of asphaltum, espe- 
cially at Carmel on Mount Lebanop, and at Hermon on Anti-Libanus, at 
the former place in ferruginous sandstone. Lignite is also found on Leba* 
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DOB. Ne«r tha topi of ihk moantain oocon a brittle Utamiiioiui shalej hud 
OB the borden of the Dend Sea and the Sea of Tiberias, a Uack highly 
bituminous limestone. Genuine greenstone is ibund with the limestone on 
the east side of Anti-Libanas ; and a vesicular basalt with olivine. The 
aame rock exisU at Hanran, southeast of Damascus. Genuine basaltic ye* 
sicular lava occurs in an ancient crater &ye miles west of Safet ; and a still 
more porous variety on the north shore of the Dead Sea. The ruins of 
Jericho furnish a similar rock. {See the Specimens in the Cabinet of Am^ 
kersKlolkge.) 

Descr. "The compact limestone rocks which boUnd thd 
Nile in the l/l^h<ile of Upper E^pt," says Mr. Weaver in his 
Observatiofis on JEhrenbefg's Discoveries in Mag. Nat. Hist, 
for June, 184 1, p, 305, "and extend far into the Sahara, or Desert, 
fts well as the West Asiatic compact limestones in the north 
of Arabia, are in the mass composed of the coral animalcu- 
les (Polythalamia of Ehrenberg, or the Foraminifera of D'Or- 
bigny ) of the European chalk. This affords a new insight into 
the ancient history of the formation of Lybia, from Syene to 
the Atlas, and of Arabia, from Sinai to Lebanon : thus opening 
A large field to organic distribution.'^ 

i?^:ii». Professor Bailey, of West Point, haying seen the aboye paragraph, 
requested me, TMarch \Si2) to send him specimens from my collection above 
fewrred to, of limestones from Syria and Falestine. Hanng complied with 
the request, Professor Bailey has kindly communicated to me the ibttoyring 
results, which confirm in an interesting manner the statements of Ehren- 
berg. The localities mentioned by Elhrenberg are " Itamam Favaiin and 
Tor in the Sitlaian portion of Arabia,'* "constituting hilly masses in Upper 
Eigypt," and " continued eastward into the Great Desert plain tending to- 
wards Palestine." The specimens examined by Prof. Bailey are mostly 
from places much &rther north. 

No. 1 . From the interior of the Pyramid of Cheops : Polythalamia distinctly 
present, but rare. 

No. 2. West side of Anti-Libanus : Pol3rthalamia abundant Fig. 122. 

No. 80. Anti-Libanus : clay colored limestone : Polythalamia abundant. 

No. 3. Near Damascus : Polythalamia abundant Fig. 121. 

No. 7. Mount of Olives : Polythalamia abundant 1%. 122. 

No. 8. Bey root : Polythalamia abundant. Fig. 122. 

Prof! Bailey has added sketches of Polythalamia from the English chalk| 
and from a cretaceous formation at a mission station on the Upper Missis- 
sippi ; F^ig. 121. The spots marked a, a, were red in the specimens, and may 
have been e^gs : those marked b^ b, are air bubbles, left in the c«lls after spread> 
ing the spciiimcns in Canada balsam. The scale shown on Fig. 2 is the 
same for all. It is JiJ ths. of a niillimetre, magnified equally with the 
sketches. 

Inf. It is impossible to eompare the sketches on Figs. 121, 
122, without being convinced that they all were derived from 
the same formation ; that is from the chalk formation. The 
evidence would hardly be more satisfactory if the organic re- 
meiins were those of mastodons or megatheroids, having as close 
a resemblance as is shown in these figures. What an interest- 
ing example of the constancy of nature in her minutest wozkS| 
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and of the triumpli of science over difficulties apparently insu- 
perable ! ■-" 

Fig. 121. 






JFVom DamtucuB. 





From Engiuh ChaUc. 





From a I^Bmionary Station on the Upper MinimippL 



Fig. 122. 




Descr. la tlie weetem port of Asia Minor to the east of 
Smyrna, and in the vicinity of the ancient SaTdis and Philadel- 
phia, ia a region interesting to the geologist, called the burnt 
country, from the striking marks it bears of former volcanic ac- 
tion. Here art seen numerous Htreams and beds of lava, and 
30 distinct volcanos, whose craters are covered by soil and 
vegetation. The deep fissnrea cut through the lava by runnii^ 
water, shows that the period of action in these volcanos must 
bave bean very remote. Three of them, howevei, are much 
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more recent : yet even these have been quiet for at least 3000 
years. Br. SmiWs Scripture and Geology, 2d Ed. p. 149. 

Persia, including Cahul, Affghanistan, Baloochistan, Sfc. asfa/r 

as the River Indus. 

Descr, The little that is known of the geology of this vast 
region, consists of a few insulated facts. On the north, com- 
mences the largest inland sea in the world, viz. the Caspian ; 
which is 600 miles long, and 300 broad, and salt like the ocean. 
In the northwest part of Persia is the lake Ooroomiah, 300 
miles in circumference, whose waters hold in solution one fifth 
of their weight of salt, and contain so much sulphuretted hy- 
drogen as to tarnish silver rapidly, after having been brought to 
this country.* '' The sea of Arsd, in Tartary, east of the Cas- 
pian, is also salt. These facts, particularly those in respect to 
Qoroomiah, indicate volcanic agency in those regions; and the 
remarkable springs and deposition of asphaltum, in the region 
of ancient Assyria, as well as the sulphur in the soil, lead to a 
similar conclusion. An extinct volcanic crater is said to exist 
in the vicinity of Mount Ararat ; and that mountain itself is 
made jup of ancient lava. A crater also exists in the Kourdish 
mountains. Near Tiflis, in Georgia, are hot springs ; and a 
boiling spring on the river Akhoor. In the Caucasian moun- 
tains are extensive groups of basaltic columns. Near lake 
Ooroomiah occurs the beautiful white or yellowish calcareous 
alabaster of Tabreez, which is deposited by thermal waters in 
great abundance. Near the ruins of the city of Tact-i-Solo- 
mon is another enormous deposit of calc sinter. * Copper, lead, 
and silver are mined near Tokat, where 50 furnaces are in ope- 
ration. Iron, copper, and silver are also wrought near Samsoon. 
Sir Robert Ker Porter's Travels from 1817 ^o 1820. See Am, 
Journal Science, Vol. 37. p. 347. 

* I have recently analyzed this water, and found 500 grains of it to con* 
tain 

Of solid matter .... 102.1 grs. 
which was composed of 

Chloride of Calcium . . 0.74 grs. 

Chloride of Magnesium . 5.76 

Chloride of Somom . . . 90.58 

Sulphate of Soda . . . . 5.67 

102.75 



Excess above the solid contents 65 
Bionune was detected, but its quantity not ascertained. 

27* 
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Descr. From ipecimeiit and their labds lent bj Rer. Jiutin Pokiiif 
and J. L. Merrick, American miaaioDarie* in Perna, I learn tlie. foUowing 
facts. 1. That on the vast plain northwest of Mount Ararat, are moraines 
like those in this country. 2. That the principal rock in the mountains 
west of the city of Ooroomiah is granitic gneiss, having a dip from 10° to 
3()^ SE. 3. That gray sandstone and conglomerate with gypsum are abundant 
in the same region. 4. That quartz rock exists there, as well as in seme 
tof the islands of the lake, and in several other ^its of Persia. 5. Hiat 
'limestone is abundant around Ooroomiah. 6. That red sandstone and 
'conorlomorate (probably the new red sandstone,) constitute a mountain just 
back of Tabrees, some part of which appears as if it had been exposed to 
very powerful heat : and that similar rocks occur in otherparts oi Persia. 
7. That beautiful rock salt is dug from a mountain near Tabreez, as well 
as on the plain ofKhay with gypsum, and at various fAeucea along the areas 
in Georgia. 8. That rich ore of copper, composed of native copper, and 
the green and blue carbonates, exists in large quantity 30 miles northeast 
of Tabreez, from which the Persian government have .mano&ctured can- 
non. 0. That the marble in the ruins of PcrsepoUs res^nbles lias with casta 
of Turbo 0) 

Tartary, 

Dcscr, The interior portion of Asia is crossed by four 
grand systems of mountains from east to west; viz. on the 
south, the Himmalayah, next northerly the Kuenlun, then the 
Thian-chan, and the Altaian. The first is in India; the second 
separates Tartary from Thibet, and thelast from Siberia ;»while 
the Thian-clian occupies its central parts. The Altaian chain 
presents its magnificent displays of primary and transition 
rocks; over which are secondary and tertiary deposits. In 
these rocks are numerous metallic deposits. The quantity of 
gold annually derived from thence, is 1 140 pounds avoirdupois, 
and of silver, 41.992 pounds. 

Descr. Active and extinct volcanos occur in central Asia j 
occupyingjj space of 2500 square leagues. The most remark- 
able volcanic mountains are Pechan, Houtcheon, Ouroumptsi, 
Kobok, and Aral-toube. These are between 900 and 1200 
miles from the sea. 

Siberia. 

Descr. The geology of the Uralian mountains, which sepa- 
rate Siberia from Europe, is similar to the Altaian range in its 
general features. j 

Descr, The Uralian mountains, especially on the Siberian 
side, have long been celebrated for their mineral treasures. In 
1828, about 53 tons of gold were thence obtained. As long 
ago as 1782, this mountain yielded 66.000 tons of iron, and 
31.500 tons of copper. The Altaian chain of mountains, also, 
yields an immense quantity of silver, as weU as much gold and 
copper. In 22 years, 12.348 pounds of gold, and 324.000 
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ponnds of silyer, were dag from the single mountain of Sehlai^ 
genberg. In 1828, the entire produce of silyer in Siberia waa 
182 tons. In the Uralian mountains, within a few years, pla- 
tinum has been found in such quantity l^t it is now used as a 
coin in Russia. 

Descr. Other interesting minerals are found in Siberia: 
among which are the diamond, topaz, emerald, beryl, onyx, lapis 
lazuli, beautiful crystals of quartz, rubeliite, aranturine, came- 
iian, chalcedony, agates, &c. 

Hifidostan, Thibet, and Further India. 

Descr, The two first of these countries are separated by the 
Himmalayah mountains, the highest on the nobe, and their 
geoloey becomes, therefore, of great interest On approaching 
uiis cnain from the plains on the south, we first meet with a 
sandstone belonging to the newer secondary series ; next in sue* 
cession argillaceous slate, mica slate, talcose slate, quartz rock, 
hornblende slate, and limestone. The highest part of the range 
is composed chiefly of gneiss, traversed by granite. The mica 
slate is traversed by porphyry. At the base of these mountains, 
also, occur tertiary strata, in which the bones of the mastodon 
have been found in Burmah ; and between the river Sutlej and 
the Ganges, bones of the elej^ant, mastodon, hippopotamus, 
rhinoceros, elk, horse, deer, crocodiles, gavials, sivatherium, and 
the monkey. Diluvial deposits are said also to occur in these 
mountains. In Middle India, the vast plains are composed 
mostly of clays, sand, and gravel, with organic remains of ani- 
mals and fossil wood. Good coal also occurs here in a forma- 
tion restine on granite. Peninsular India is composed in a great 
measure oiunstratified rocks j such as granite, syenite, and trap: 
though nearly all the stratified primary ones arc present also. 
Extensive deposits of secondary and tertiary strata exist there 
likewise ; as well as diluvium and alluvium. The geology of 
Further India is but little known. 

Descr, Southeastern Asia has long been known as a region 
of ^ems. The diamond occurs in several places in Hindostan, 
both in conglomerate and the alluvium. Corundum, from its 
coarsest to its finest state, is found there. Pegu is well known 
to produce the most beautiful variety of the oriental ruby, which 
is a sapphire. Topaz, zicon, tourmaline, garnets, carnelian, 
jasper, agates, amethyst, catseye, chrysolite, &c. are common. 
The annual value of cameKan formerly exported from India, waa 
$50,000. Burmah is celebrated for the vast amount of petro- 
leum collected in wells: which amounts to 92.781 tons per 
annum. India also contains gold, tin, iron^ lead, and zincv 
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ikoo|^ not Mioiii^ of these metals is obtaii 



18 also found. From Thibet is hxou^t 

^ lam quantity of boiax. This is obtained from a lake, which 
^ftntj»n« aUo common salt The Thibetans axe said to woik 
mines of copper and mexcury. 

Ceflon. 

Dtsrr, The jMo!<^ of this large island, lying near the coast 
of aouthexn Inma, is quite simj^e. It is made up afanoet en- 
tirely of primary rock, most or it stratified. The preraifin^ 
roek is gneiss : which is associated with dolomite, and subordi- 
nate masses of quarts rock. Granite, syenite, and greenstone^ 
abo, exist there. 

Dtscr, Iron is almost the only valuable metal found in Gey- 
hm. But the gems are numerous. Amethyst, rose quartz, cats- 
eye, I^MO, topas, schorl, garnet, pyrope, cinnamon stone, zircon, 
snineue, sapphire, and corundum, have been found; most of 
them in connection with graphite in gneiss. Trans€tciians of 
Ike Gidogical Society, V^ 5. Part 2. |?. 311. 

China, 

Descr, Little is known of the geology of China. We only 
know that granite, syenite, porpoyry, sandstone, he. occur 
there. But its minenls are more known. Grold and silver, 
mercury and copper, lead, tin, and arsenic, are among those 
which are wrought. Rubies, corundum, topaz, lapis lazuli, 
jasper, agate, jade, porcelain day, and marble, are enumerated 
among its valuable minerals. 

Japan. 
Descr. It is known that these islands contain several vol- 
r^?* ^ j^ ^**' ^^®' geological features are little understood. 
G<^d and silver abound, and copper and mercury occur. Sul- 
phur exists in great quantities : and coal is found, as well as 
amber, porcelain clay, marble, &c. 

East Indian Archipelago. 

Deser, In Sumatra are four volcanos, nearly 12.000 feet 
high : while granite, trap, limestone, and other primitive rocks 
exist there, as well as tertiary clays. In Java, are several 
ranees of volcanic mountains ; and at their bases are deposits, 

fjrhaps tertiary, of Hmestone, clay, and marl, with rock salt 
anca is said to be composed of gneiss and mica slate with 
gramte. In Borneo, primary formations are abundant, forming 
the axes of the principal mountain chains; while secondary, 
terUary and alluvial deposits occupy the lower regions. Vol* 
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eanos also exist liere. The Philippine islandfl axe likewise vol- 
eanic : so are also the Moluccas : of which Celebes contains 
primary rocks. 

Descr. The mineral treasures of this Archipelago are abun- 
dant. Gold occurs in nearly all the islands : and the amount 
annually collected, is estimated at 2.922.300. Tin is abundant 
especially in the island of Banca; where in 1817, about 2083 
tons were smelted. Copper also occurs. Sulfur is obtained 
in ^eat abundance and purity in Java. Borneo is celebrated 
for its diamonds : one of which in the possession of a pxince of 
Matan, is valued at $1.194!35a 

AtUtraliay or New Holland* 

Descr* The details of the geology of particular pordons of 
this vast idand, or rather continent, have not been given : yet 
numerous facts on the subject are known. The coast is for the 
most part rocky and mountainous^ and the rocks which have 
been recognized, are granite, mica slate, talcose slate, quartz 
rock, ancient sandstones and limestones, iJbe coal formation, red 
marl, with salt and oolite : also porphyry, greenstone, clinkstone, 
amygdaloid, and serpentine. There are some traces of former 
volcanos. Topaz and agate are the most interesting minerals. 

Descr, Interesting collections of fossil bones from the lime- 
stone caverns of New Holland have been carried to England, 
and referred to at least 14 species of animals. These animals 
are all similar to those founa living in Australia ; such as the 
kangaroo, dasyurus, hypsiprimnus, wombat, a rodent, a aauriaa, 
and an elephant. These bones are much gnawed like those in 
the En^sh caverns, and were probably carried into the caverns 
by carnavoroufl races. 

Polynesia, 

Descr, The prediNninant formations in this vast group of 
islands are the volcanic and the cor«d reefs. Those islands 
formed by the latter, are low and level : but the others rise to 
a great height. Mouna Roa in the Sandwich ii^ands is more 
than 16.000 feet high; and Mouna Kea, 18.400 feet These 
islands, with a surface of 4000 square miles, are afl volcanic : 
Kirauea being the most remarkable volcano on the globe. The 
Society islands are composed mostly of igneous rocks of greater 
a^ ; as basalt, which frequendy contains most of the zeolitic 
minerals. The Friendly islands are mostly volcanic; as are 
also the Marquesas, the Gallipagos, the IlNew Hebrides, and 
Gambler's islands. Juan Femandes is composed wholly of 
basaltic greenstone* The South Shetland and Orkney islands 
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aie made up of primary rocks, along witli thoee of more leeent 
igneoiu origin. The coral islands axe Elizabeth Island, Whit- 
minday, Q^ueen Charlotte, Lagoon, Egremont, &c. &e. The 
■hoies of UMiriy all the ycdcanic islands are lined with coraL 

AFRICA. 

Dtser. The sonthem part of this country is primaxy; 
aifldng of granite, syenite, and other primary rocks. The tei- 
•par in the granite ajid sjrenite is re^ and the rock has been 
used ibr many of the monuments of Eeypt, as Pompey's I^ar, 
Cleopatra's Needle, i^ Syenite took its name from one of 
these localities, near Syene. North of Syene succeeds a renon 
of sandstone, which appears to belone to the more recent of the 
aeeondary rocks. This \a succeeded by the limestone tract, 
which reaches fiR»n Thebes several days journey south. Be- 
tween Thebes and the Mediterranean, the country is whoDr 
•DnTiaL On the west side of the Nile ue the most remarkabM 
•xanqika <^ dunes that axe known. 

Descr. Of the latter eonntxy nothing of importance's known 
lespecting its geolosy, though some gold has been found, and 
laxge quaintities of salt are obtained from a large plain; perhaps 
the site of a former salt kke. In Nubia, traTcUers mention 
granite^ syenite, poiphyry, sandstone, and limestone ; and foih 
■Mxly mines of gcAd were wron^t there. 

Barbary or Narikem Africa. 

JDcser. The greater part of northern A£aca is a level sandy 
plain. But the chain or mount Atlas extends nearly across the 
whole of Barbary from west to east, and rises to the height of 
1^000 feet Its hitler parts are composed of granite, gneiss, 
mica date and clay slate. The northern part dP the chain ia 
eomposed, in a great measore, of calcareous rocks, resembling 
the lias, though sometiBes a]mroaching the transition Ime- 
atones. Secondary sandstones vso occur, and above these, ter- 
tiary strata. Among the secondary and textiazy fbima^cms^ 
trap 10^ are included. Sak springs and gypsum are found. 

Westtm Africa, 

Dtscr. This en^bxaees the west coast of Aj&ica, from the 
aver Senml in 18^ north latitude, to the river of Bengoela in 
IS^" south latitude. little is known of its geclory. The hill& 
wmnd Siam Laona axe gxanitie. The district Sioo^ whielk 
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the riyer Zaire flows, is composed of gneiss^ mica slate, clay 
slate, primary limestone, granite, syenite, and dueenstone. Not 
a little gold (estimated in the beginning of the last century from 
200.000 to 300.000 pounds sterung annually,) is obtained from 
the interior, especially along the Gold coast, and at the head of 
I the Senegal and Gambia riyers. In Angola are very extensiye 
deposits of salt, and some iron and copper^ 

Southern J^rica, 

Descr. The southern part of Africa iis ctobsed by three 
ranges of mountains, runmn? parallel to the coast ] the height 
increasing towards the interior, tiU the innermost range risee 
10.000 feet. North of these mountains are extensiye table 
lands. The rocks composing these mountains are gneiss, clay 
slate, graywacke, quartt rock, and sandstone. Sandstone is 
most aoundant ; and this forms most of the rock in the table 
land beyond the mountains, as far north as 30? of latitude. Its 
strata are usually horizontal ; and they giye a tabular shape to 
the summits of the mountains. Table Mountain at the cape 
of Good Hope, is formed in this manner. Through these rocks 
are found protruding masses of granite, as well as basalt, pitch 
atone, and red iron ore. The relatiye situation of all these 
rocks is the same as in Europe. 

Eastern and Central Africa, and Sahara, or the Oreat DeserU 

Descr. Nothine appears to be known of the geology of the 
eastern side of Africa. Of Central Africa, Which is trayersed 
by the mountains of the Moon, much moito is khoWn. The 
more eleyated partd consist of eneiss, mica slate, quartz rock, 
hornblende rock, clay slate, and limestone ; trayersed by granite, 
greenstone, and other trap rocks. At Go^ee are fine examples 
of basaltic columns. Extensiye beds of rock salt are quarried 
in Soudan, and salt and natron lakes occur. It is also frotn this 
country, than most of the gold carried to the western and the 
eastern coast is obtained. The Great Sahara or Desert, is 
chiefly coyered with quartzose and calcareous sand ; and is the 
most desolate region on the globe. Occasionally, howeyer, the 
rocks rise through the sand, and are found in the eastern part 
to consist of limestone and sandstone, containing rock salt and 
gypsum, and trayersed by trap rocks. Where the Sahara 
reaches the coast, the rocks are chiefly basalt. 

African Islands, 

Descr, A large proportion of the islands around Aftica Idfft 
Tolcanic, and are composed of laya or basalt Of this deso!]^ 



tion &M ill* AioMf, tlia CananM, wbtue tke Toleaue pad: at 
Taoeriflb riiM to tlie h«kht of 12.000 lest: dw t^ G^ Yoa 
iiUAdii St Hd•IU^ BouiDoo, &e. 

AMERICA. 

Doer. The longest ehain of sonntttn* oo ike Abe, Moi 
with one exception the highest, trarenee tfe wlurfe length of 
thii continent near its western side. In Soath Amenea it is 
called the Andes : on the isthmus of Panama it sinks into a 
comparatiyely low ridge : but rises into the table Isod of Mexico 
and Guatimala, 6000 feet high ; and some conical peaks dioot 
up much higher. Beyond Mexico this chain is prolonged in 
tfia Rooky mountains \ which rise in some places about 12.000 
feet This chain continues nearly or quite to the If orthem 
Ocean. Parallel to the Atlantic, the Appalachian, or Allegany 
mountains traverse the U. States, rarely rising mote thmi 6000 
leet ao^ tisudly not moier than 2000 or 3000 feet Detached 
Wanohes from tiiese mountains extend irreralarly into Canada, 
Labrador, and around Hudson's Bay. The mountains which 
form the West Indies, may be regarded fis the southerly pto- 
longation of the AUeganies. Beyond the delta of Orinoco^ they 
appear again in numerous ridges in Guiana and Brazil, extend- 
ing to the La Plata. 

Descr. America is distinguished by vast plains as weU as 
grand mountains. One of these lies along the Atlantic^ of 
variable width, through the whole of the United States, extend- 
ing to the Appalachian ridee, and occupying a wide extent 
through the wnole of South America. A similar plain, but 
much narrower, occupies the western side of the continent 
But the most extensive plain is the vast region lying in Noith 
America between the Appalachian chain and the Rocky moun- 
tains. Another, almost equally vast, occurs in the heart of 
South America In its northern part is a vast expanse along 
the Orinoco ; and in the southern part, are the immense Pamr 
pas of La Plata. 

South America, 

Descr. The basis of the vast chain of the Andes is com- 
posed essentially of gneiss and granite : but these are covered by 
an immense deposit of ancient volcanio rocks: such as pyrox- 
enic porphyries, diorites, basalt, trachytes, with wacke-like con- 
glomerates. The elevated table lands in the vicinitjr of this 
range, aie covered in a measure by fossiliferous bmestone, 
which occurs from 9000 to 14.000 feet above the ocean: and by 
Haw red sandstone, embracing ores of eoj^r and gypsum. 



tBS ANBSS. 825 

The lower table land is covered by diluvial detritus, embracing 
gold. The mountains in the central parts of America, Ijintt 
east of the principal Cordilleras, Are in a measure composed of 
various slates, with quartz rock and sandstone : the central axis 

., being usually primary, and the slopes the older secondary. 

I The plains between the different chains are extensively covered 
by tertiary strata. These strata, with white marl analoffous to 
the lower chalk, and a sand like the green sand, are well de vet 
oped on the shores of I^atagonia. Indeed, the chalk formation 
has an immense development in South America, and rises in 
some places nearly to tne height of 13.000 feet De BucKs 
PetrifactwKS receuillies in Amerique, Spc. p. 18. In Brazil, 
granite frequently abounds in the lower parts of the country, 
as well as in the mountainsy where Jit is associated with nearly 
every other stratified and unstratified rock of the primary 
groups In short, nearly every stratified and unstratified rock 
on the globe, from the oldest to the newest, from granite to lava, 
and from gneiss to alluvium, are developed in South America 
on a magnificent scale, and occupy the same relative position 
as in other parts of the globe. Humboldt on the Superposition 
of Rocks : Kozefs Geologic, p. 525. 

Descr. South America has long been celebrated for its 
mines of gold, silver, platinum, ana diamonds. In Chili the 
annual produce of the gold and silver mines is about $8,500,000. 
More than a hundred copper mines exist, and are much more 

i>rofitable than those of gold and silver. Mined of quicksilver, 
ead, tin, iron, and antimony also exist there, as well as deposits 
of nitre, rock salt, and coal. But mining operations are at pre- 
sent in a wretched state ; owing to wars and political convul' 
sions. 

Descr. Brazil is most celebrated for its gems, especially its 
diamonds. They are mostly explored in the beds or rivers by 
washing the soil. Upon the first discovery of these mines, they 
sent forth a thousand ounces of diamonds ; which affected the 
market powerfully. At present the annual produce is about 
22.000 carats; or 183 ounces. The Brazilian topazes and em- 
eralds are very fine, as well as the chrysoberyl, amethyst, and 
quartz crystals. Gold is also sought after with success in the 
auriferous sands. Copper ores are likewise abundant ; and de* 
posits of common salt and nitre occur. 

Descr, Colombia affords some diamonds; also emeralds^ 

, iHipphires, hyacinths, precious garnets, turquoises, and ame-^ 

thysts. Great expectations have also been excited respecting 

gold and silver; but from 1810 to 1820, only S2.00a000 were 

annually coined from the native metal : but much more mAt 
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tm fititftiiuid with pfoper mumiptntsi. Csranr md ^moiai** 
miiiM Am wrourhtj m wdl m tb ad rusk smr- ^fe bcsr piEfii- 
litf( ft rwrnntin w ♦150,000. 

//ricf. P«fi], incltiding BoIitu. or ^^^fP*"' I^kil ic p e iAatfi 
tlm mcMt r«fiii«rkAbl« re|^on on tli« ^obe nr As pBoanBOBeeu. 
I lolfl, Nilvfir, and mftreury, sre tbe laoit jjh^m.::! Tk sShrer 
luouiUnln of Potoni alone, yielded in 2^3 rcas s» lar&sn 
• KWT.UOI.OIH; and yet bnt a amal! pan oiT k has bccm exca- 
VNlttd; tho whole mountain being^a maai of oie : and it is 18 
liiitvM in circumference. One mine of qoieksilTer is 70 leet diidt 
and Ririnerly yielded an immense anumnt. Urn odber aunes 
of jfiM ana ailver are rery nnmeron^* bat their prodoee is 
much leaa than formerly, on acconnt of the impeiftct manner in 
which they are wroujrht. There are also mines <^ copper, lead, 
tiUi and rock aalt. Moat of the mines are situated in the east- 
ern ran|(e of the Andes, which consists of mica slate, syenite, 
p\tr{>hyry, new red sandstone, and oolite. 

Wtii Indiei^ 

lh$cr^ These islands appear like the fragments of a former 
v\u\liu<^ut; aiul most of tnem contain mountains, which, in 
i Sihai I lay til and Jamaica, rise to the height of 8000 or 10.000 
R»(»t *V\\P highcdt mo\intaiu8 in Cuba are mica slate, and 
thvNn\|(h %\\^ tt^ooudary formations of the lower regions, project 
|IU«iUm, i^rAuitt^t and aycnito. Veins of gold, silver, and copper, 
Immx* ooour h*T*»» and ounl exists in a vein, — ^which is a very rare 
wourr^uo^. l*Mhsi*iihical Magazine^ Vol 10, p. 760. In the 
asnUh \^xt of Mayti is a mountain of granite. The highest 
|M(^vt of Ja)uaiv^a ia con^pivsed chiefly orcraywacke with trap 
to\vkii Vyv^^w tht^ttifi bV r^d sandstone, mart, and limestone, with 
tVHp aud IH^rphyry ; the whole covered by diluvium and allu- 
vium Tue t^aitorn part of the Caribbean group, as Tobago, 
tUvhadvMMi AiUitfua^ Ut^rmuda, &o. are principally composed of 
Uu^tMt\M\«>^ tM^»ba^ly tt>rtiary. Antigua has been described mi- 
uv^Ulv by iV Nu|(ent« 'h^ansactions of the Geological Society, 
, Vw»> c^ ai\d wow* recently by IVof. HoVey. American Journal 
i,^/ S\ ilf*^^,W IV/. 5^\ ^K Ti It consists of gray wacke, (indurated 
v^^.jf \xf tV\t* tlovey>) recent calcareous deposits, and trap. 
l.\u\n abswt* the i^raywaoke^ is a singular sihceous depc^t em- 
bi^asMiviE au imiu^u^ number of silicined trees of every size, np 
tv^ >)\) iuvhee iu diameter : along with vast numbers of shells. 
*rhtM^ tWui uwv^t ;K)>)endid airates^ and admit of a high polish. 

IN^>i» 4h^ :!t^<'m<>^$ IM Vr\*J\ ItiH^tys Cabinet bequeathed to Am- 

IV««'r 1V4! Horey has also given an interesting aceoont 
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of the geology- of St. Croix. Am. Journal of Science^ Vol, 35. 
p. 64. He nnds there the same stratified formations as occur 
in nearly all the West India islands ; viz. eraywacke, and ter- 
tiary and alluvial limestone ; but unstratified rocks are wanting. 
The tertiary strata consist mostly of limestone, more or less in- 
durated, and abounding in shells and corals ; many of which 
are identical with those now living on the ocean. A similar de- 

Sosit is now forming upon the shores : and it was in this recent 
eposit that the human skeletons, now in the British museum 
and garden of plants^ were found. (Numerous specimens of 
the rocks and fossils of St Croix and Antigua may be seen in 
Prof. Hovey's collection above referred to.) 

Descr. The western parts of the Caribbean islands are 
mostly volcanic: such as Grenada, St. Vincent, St. Lucia, 
Martinique, Dominica, Guadeloupe, Montserrat, Nevis, St. 
Christopher's, and Jamaica. On some of these islands no erup- 
tion has occurred within the historic period : but craters are 
visible, and trachytic and basaltic rocks are common. 

Descr. Trinidad is a continuation of the continent, and con- 
sists mostly of primary rocks. The famous Pitch Lake, three 
miles in circumference, has already been described. 

Guaiimala and Mexico. 

Rem. The geology of Guatimala is very similar to that of 
Colombia, on the south, and of Mexico on the north : being in 
fact the same as that of the Andes generally ' and, therefore, in 
this brief sketch nothing farther need be added, except to say 
that this country contains mines of silver and of sulpnur. 

Descr. Mexico consists mainly of a vast and very elevated 
table land ; being in fact a flattening down of the Andes on the 
south, and the Rocky mountains on the north. This vast plain 
1500 miles over, is occasionally diversified by an elevated insu- 
lated peak, which is often a volcano, recent or extinct. The 
basis of the country seems to be primary rocks ; such as gneiss 
and granite ; but its upper portion is covered with porphyry and 
trachyte. Secondary sandstone and limestone also occur. A 
line of volcanos, of which there are five principal vents, tra- 
verses Mexico from east to west, about in the latitude of the 
capital. 

Descr. The rocks of Mexico are rich in gold and silver, 
particularly the latter. They occur in veins traversing clay 
slate and talcose slate, transition limestone, graywacke, and 
porjjhyry. New Spain yields annually 1.541. 015'pounds troy, 
of silver : or two thirds of the silver which is obtained on the 
whole globe ; and ten times as much as is produced by all the 
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E«d of primary rockf with extanaiTa aacondaiy d c j A ila lyon 
ir ildai, among which arc clay alate, giayWadK. and Iime- 
Mtoua. 1 )n Maokaniia rirar, brown coal oeeon in teitiaiy day. 
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aiul moit of this northern ragion is atrawed orar by oowldais 
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IhH'f^ Malvilla island, m latitude 74^ 26^ north, is 
aom|HMMd of sandstone, probably of the coal formaticMi, with re* 
niMiUM of oivid planta of a tropical character. Around Hudaon'a 
Hay I are Annul all tha great dslses of rocks, except the ter- 
tiary ; and ainuvit arery other variety found in the other parts 
ol' North America. 

{)#^«r No imrt o( the extensive regions above described ap- 
|»aara to be trulv volcanic, except a strip between the Rocky 
lM\^mlain«l and the IH^oiflo Ocean. Whether any recent volca- 
M\Mi axi«l Ikara, may ba doubtful : but genuine lava is brought 
tVs^u lKau<^ai as wi^ll a« trachyte, and other volcanic productions ; 
ami iiuMauiH^ d«»)HViiiu of basalt, massive and columnar, are 
iV\\\\\\ alsu^n \\\^ \m\\<^im\ rivers. Volcanic mounds, cracked at 
Iha t\\|V and surnnindad by fissures, are numerous over the 
wh\4^ v^gi\\i\« *rki» ia probably a continuation northward of 
iha iiMH^I v\>l\H^ni\^ chain of the Cordilleras of South America 
audAla\i\Hv 

IVv» *rh«» luiiHMal Iraasuras of this region have been but 
ilM|«arlWlly a\)4\VNd. Near tha head of Salmon river, on the 
^anl »i\W \^' iKtk K\H>ky mountains. Rev. Mr. Parker saw a bed 
\^' )n\v« ^H'V »ah« amwl^ strata which he says resemble the de- 
«\^r^^i^xlv vvf thvvta at \\ ii^licika« in Poland. He used the salt 
aud ftmud it |^KHt *rha great salt lake in the same re^on far- 
iKar m^utK« c\\i\taiu« ao much salt that it is deposited in largo 
^uaiaitiiM wu the ahv^ra. Epsom salts occur also, on both sides 
\^[ thi^ Kwk^ a\v^untaina. in thick incroatations in the bottoa^ 
^' )HHv^k whi\>h hava bean evaporated in the summer. ExfUr 
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i»g Tour heyoTid the Rocky mountains, p. 328, second Edition^ 
IthacOj 1840. Beds of rock salt occur in other places besides 
those mentioned above, west of the Rocky mountains and of 
great thickness. Prof. H. D. Roger^s Report to the Briti^ 
Association at the Fourth Annual Meeting. 

United States, and British America, 

Rem. A more accurate idea can be ^ven of the geology 
of this vast region, by considering the United States and the 
British possessions as a single extended district 

Descr. In proceeding southeasterly from the coast of Labra- 
dor, we meet ere long with ranges of mountains; at first not 
high, having a southwest and northeast direction. On the south 
shore of the St. Lawrence they become very elevated, forming 
in fact the northeastern termination of the Allegany range. In 
the northern part of Maine they rise to the height of 5300 feet ; 
and in New Hampshire, (the White hills) 6234 feet The 
western side of this range forms the eastern side of Lakes 
Champlain and Greorge, and the valley of ]the Hudson river. 
The range occupies all New England, and extends south- 
westerly into the middle and southern states, crossing the Hud- 
son at the Highlands : and in Pennsylvania, Maryland, Vir- 
ginia, North Carolina, South Carolina, and Tennessee, forming 
several parallel and lofty ranges of mountains ; four of which 
are sometimes reckoned ; distinguished as well by their physi- 
cal features, as by their geology. The most easterly. Prof. 
Rogers denominates the Eastern system of mountains: the 
next in order, the Blue Ridge system : the third the Appalor 
chian, and the last the Allegany system. They rise in Black 
mountain in North Carolina, to the height of 6476 feet, and in 
Roan mountain, 6234 feet. 

Descr. On the north shore of the St. Lawrence, are two 
ranges of mountains running parallel to the river ; one at the 
distance of 15 or 20 miles, and the other 200 miles distant. 
On the west side of Lake Champlain, is a remarkable develop- 
ment of these mountains, in Essex county in New York ; ^ 
where they rise to the height of 5400 feet From Essex county 
these mountains stretch to Kingston, in Upper Canada, where 
they become blended with another low range, which has been 
traced along the northern shores of Ontario and Huron, and to 
the west of Superior, and probably extends nearly or quite to 
the Rocky mountains. These latter mountains form the west- 
ern boundary of the region under consideration. 

Descr. The vast region of comparatively level country be- 
tween the Rocky and Allegany mountains, forms the valley of 



tke MkBKippi, wUdb extendi firom tlie centre of AkK^i^t^ 
piobebljtotke Axetie Sem; beinr not lestkan 2000 milee long 
and 1200 mike luoed, and embncing more then 2.500.000 
■ooaxe nuke. At its eootiiem extxemity, this TaDey unites 
witk tlie Atlantic slope. This dope is scTeial hundred miles 
wide at its soallMxn extremity, but becomes gradnall j narrower 
nntil it terminates at New Yo^ ; with the exception of Long 
Island, Nantucket, and fiiartha's Yineyard. 

Deser, The way is now prepared for explaining the simple 
and grand outlines of the ge<Mogy of this wide regicm. All the 
mountainous r^on east of Hudson riirer, eren to Labrador, 
with some few excep ti ons to be noticed subsequently, is com- 
posed of primary rocks : such as gneiss, mica shte, takose 
akte, quarts rock, and limestone; intersected and upheaved by 
granite, syenite, porphyry, and greenstone. South of the Hud- 
son, thu primary range is continued, as the Highlands, through 
New Jersey and Pennsylyania, where it terminates. Its souUi- 
eastern border passes near New Yo^ d^j including Staten 
Island, and extending to Perth Amboy. Here it is covered by 
red sandstone, until near Trenton it reappears and forms a 
second band of primary rocks, paralkl to that just described as 
terminating in Pennsylvania, and separated from it by a trough 
of red san£tone. This most easterly belt, from 80 to 100 miles 
wide, ranges through Virginia, North and South Carolina, and 
Georgia, as far as Alabama river, where it passes beneath the 
alluvium of the Mississippi valley. On the southeast side, these 
primary rocks are covered by the cretaceous and tertiary strata 
of the Atlantic slope. 

Deser. The mountains of Essex county, on the west of 
Lake Champlain, are composed chiefly of Labrador felspar and 
hypersthene rock : similar to the rocks in the northern part of 
Lower Canada, and the coast of Labrador : and a similar rook 
is found north of the lakes in Upper Canada : and occupying a 
large space south of Lake Superior in the western peninsula of 
Michigan ; so that probably tney may form a connected range 
almost to the Mississippi. Nearly all the rocks in Upper Can- 
ada appear to be primary. 

Deser. It appears then, that the great central basin of the 
United States is surrounded by primary rocks, except on the 
north and south. The rocks which rest on the primary over 
most of this vast area, consist of clay slate, transition limestone, 
and the varieties of that group usually denominated gray wacke. 
Mr. Conrad and Vanuxem are of opinion, that the recent divi- 
sions of this group, can easily be distinguished here, especially 
the Silurian. Professor H. D. Rogers points out eleven differ- 
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ent varieties of these rocks below the coal measures, whose 
aggregate thickness is more than 5.5 miles : yet obviously all 
belongine to the same geological formation : that is, deposited 
during the same geological period. These rocks constitute all 
the ranges of the Allegany mountains that have been described, 
except tne Eastern system of mountains which is primary. 

Descr. It is a remarkable fact, that while in Europe gypsum 
and rock salt are usually found in the new red sandstone eroup 
lying above the coal measures, in this country g3rpsum ami orine 
springs, so far as ascertained, are universally situated in the 
rocks beneath the coal formation. 

Descr. Very recently, for the first time in the United States, 
a bed of rock salt has been discovered, 18 miles from Abingdon 
in the southwest part of Virginia. It was struck in digging a 
well for salt water. Soil and rock were penetrated 50 or 60 feet, 
then a bed of gypsum 160 feet thick, and next the salt which 
was found to be 60 or 70 feet thick. The rocks embracing the 
gypsum and the salt are sandstone and marly clay. Am, Joun 
Scl Vol. 41. p. 215. July, 1841. 

Descr. It seems now to be well ascertained that the car* 
boniferous or mountain limestone is developed on a vast scale 
in our western states : that it extends westward from Pennsyl- 
vania, at least to Fort Leavenworth on the Missouri river, and 
northward to the Falls of St. Anthony on the Mississippi. 

Descr. In many parts of the vast deposit of transition rocks 
that have been described, a regular coal formation rests upon 
them ; and it is a singular fact, that the coal along the south- 
eastern part of the great valley of the Mississippi, is usually 
destitute of bitumen ; and as we recede from the primary strata, 
it becomes more and more bituminous. 

Descr. Some of these ceal deposits are among the largest 
yet discovered in the world. The anthracite deposit of Potts- 
ville, is 60 miles long and about five broad : that of Shamokin, 
commencing near Lehigh, is of the same length and width : and 
that of Wilkesbarre, is 40 miles long and two miles broad. In 
some instances a single seam of coal in these strata is 60 feet 
thick ; and near the middle of the valley, between the Sharp 
and Broad Mountains, no less than 65 seams have been counted. 
The bituminous coal field, embracing the western part of Penn- 
sylvania, and a part of Ohio, extends over an area of 24.000 
square miles : the'lareest accumulation of carbonaceous matter 
probably in the world. Ii^ fact the bituminous coal measures 
can probably be traced almost continuously, from Pennsylvania 
to the Mississippi, and even into Missouri, 200 miles west of 
that river. Indeed, coal exists on the eastern dope of the Rocky 
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mountains : and it would not be Strang if this should be found 
to be the western outcrop of coal bearing strata, whose eastern 
extremity is in Pennsylvania. At any rate, it is certain that 
extensive seams of bituminous coal exist in Pennsylvania, Vir- 
ginia, Ohio, Indiana, Illinois, Michigan, Tennessee, Alabama, 
and Missouri. The world cannot furnish a parallel to this im- 
} mense mass of carbonaceous matter, to say nothine of the smaller 
f deposits in Henrico, Chesterfield, and Prince Edward counties 
in Virginia ; those in Nova Scotia and New Brunswick ; and 
that of anthracite in Rhode Island and Massachusetts. The 
identity of nearly all these formations with the coal measures of 
Europe, seems now to be pretty satisfactorily made out. 

Descr. It has been intimated that there are some exceptions 
to the general statement that the whole country between Hud- 
son river and Labrador is primary. Thus, along the St Law- 
rence is a deposit of black fossiliferous limestone. All the north- 
ern part of Nova Scotia is composed of secondary sandstone, 
embracing gypsum and salt springs, with overlying trap, and 
underlaid by clay slate ; while between the sandstone and the 
slate are coal measures. Coal is also found in the interior of 
New Brunswick, along with gray wacke and clay slate ; but how 
extensive are these formations it does not yet appear. In the 
eastern part of Maine, fossiliferous rocks occur. In Rhode 
Island and the eastern part of Massachusetts, are interrupted 
patches of a rock of the lower secondary series, containing 
anthracite. In the valley of Connecticut river aLso, strata of 
red sandstone occur, with protruding greenstone. 

Descr. In going south of the Hudson river, the same red 
sandstone just described, as occurring in Nova Scotia, Maine, 
and the valley of Connecticut river, appears in New Jersey ; 
where it forms a wide belt southeast of the Highlands. Thence 
it passes through Pennsylvania, from Buck to York counties : 
thence into Frederick county, in Maryland ; thence into Vir- 
ginia ; thence into North Carolina ; and probably still farther 
south. Throughout the whole extent of this deposit, from 
Nova Scotia to Virginia, ores of copper, bituminous shale and 
limestones, and protruding masses of greenstone, are associated 
with it. In Virginia the deposit appeared to be eminently cal- 
careous ; and one of its lowest beds is the well known brecciated 
Potomac marble. 

Descr. I have for many years been in the habit of regard- 
ing this rock as the equivalent of the European new red sand- 
stone formation ; and have so named it in my reports on the 
geology of Massachusetts. The geologists of our country, how- 
•ver, have generally hesitated to adopt this opinion : thongh 
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Umjt admit that this deposit helongs to the newer seeondanr 
strata. But the more I examine, the stronger evidence I find, 
that it is the new red sandstone. There is not room in this 
work, to state fully the grounds of this opinion. But the main 
argument is as follows. Prof W. B. and H. D. Roeers seems 
to iiaye shown, that this rock in New Jersey, Pennsylvania and 
Virginia, lies above the coal formation. Now in Massachusetts, 
Connecticut, and New Jersey, fossil fishes have been found in it 
with heterocercal tails, of the genus palseoniscus. Hence, ac- 
cordine to Aeassiz, this rock must be older than the oolite : be- 
cause fish with such tails do not occur as high as the oolite. I^ 
therefore, this formation lies above the coal formation, and be- 
low the oolite, it must be the new red sandstone. 

Descr. Prof W. B. Rogers has found that the sandstone 
containing beds of workable coal near Richmond in Virginia 
is of the age of the European oolite. This is proved by the 
vegetable remains occurring in it. But no where else in this 
country has this formation been^ identified. Very extensive 
strata occur, however, which have been referred by our geolo- 
gists, on account of their organic remains, to the cretaceous 
group. They are entirely wanting in chalk, which gives the 
name to the European series ; and consist in this country, of 
sands, sandstones, marls, and limestone. In New Jersey, Dela- 
ware, and Maryland, they are characterized by the ^een sand, 
which is so valuable as a fertilizer. Farther south they consist 
almost wholly of marls and limestones. From these strata Dr. 
Morton has enumerated 108 species of zoophyta, moUusca, and 
echinodermata : only one of which is common to this country 
and Europe. But there is such a resemblance between the 
genera, and those of the chalk, that it is supposed the rocks 
must belong to the cretaceous period. Several interesting 
genera of saurians, tortoises and fishes, also occur in these rocks ; 
among which are the plesiosaurus, ichthyosaurus, mososaurua 
and the batrachiosaurus. Among the fishes are several species 
of sharks ; some of which are common to the chalk of England. 

Descr. The cretaceous rocks of this country probably com- 
mence as far east as the islands of Nantucket and Martha's Vine- 
yard, which they may underlie, as well as Long Island ; although 
hidden by drift and tertiary strata. They occupy a wide belt 
of country from New Jersey to Alabama ; and much surface, 
also, in Mississippi, Louisiana, Tennessee, Arkansas, and accord- 
ing to M NicoUet, extends from Council BluiSs on the Missouri, 
1000 miles along that river, to the mouth of the Yellow Stone. 

Descr. The principal tertiary deposits of the United Statef 
oeeur along the Atlantic coast of the southern states to the south- 
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Mit of the cretaceous rocks just described. Tkese tertiarr 
noups, kowe¥er, commence as far east as the island of Martha s 
vineyard, on the coast d Biassachusetts ; where theyare well 
developed, and seem to bdong to the eocene period. They next 
appear in the southeast part of New Jersey ; from whence they 
extend almost continnoosly through the eastern portions of EMar 
ware. Maryland, Virginia, and North Carolina; and in inter- 
rupted patches through South Carolina, Gieorgia, Alabama, Muh 
sissippi, and Louisiana. Mr. Conrad and others suppose that 
they are able to distinguish in this vast area of our tertiary forma- 
tions the three groups which are recognized in Europe ; ris, 
the newer plioeene, the miocene, and the eocene. The post ter- • 
tiary also with shells of a hi^hhr arctic character, baa oeen re* 
eoffnised in N. York and CanacuL 

Descr. The tertiary rocks of the United States occupy neady 
all the leyel parts of the southern states, east of the Allegany 
ranee, and the southern part of the Mississippi TaUey. Hence 
we J»am that they are of vast extent. 

Descr. The drift of the United States has already been suffi- 
ciently described in section YI. 

Descr. The most extensive alluvial deposit in this country 
is the Delta of the Mississippi But similar deposits exist akmg 
the banks and at the moutns of all our larger streams. 

Descr. Either in alluvium or drift, the following extinct 
species of the higher orders of mammalia have been found. 
JSlephas primigemus occurs in Kentucky, South Carolina, New 
'Jersey, Maryland, and Mississippi : mastodon maximus in Ken- 
tucky, New York, Virginia, New Jersey, Connecticut, Missis- 
sippi, Ohio, Indiana, eoid most of the western states : megather 
num on Skiddaway island, coast of Georgia ; megalonyx in 
Virginia and Kentucky; several species ($ ox in Kentucky, 
and Mississippi ; certms americanus, or fossil elk, in Kentucky, 
and New Jersey: walrus in Virginia. Mr. Cooper estimates 
that the specimens already carried away from the Big BoncK 
Lick in Kentucky, must have belonged to 100 skeletons of*| 
mastodon, 20 of the elephant, one of the megalonyx, 3 of the- 
ox, and 2 of the elk. He is of opinion that these remains occur 
in drift. But at some other localities it is not improbable they 
may have become extinct still more recently. 

Descr. No evidence of volcanic agency in this country east 
of the Rocky mountains, since the protrusion of greenstone, has 
yet been found. Pumice does indeed float down the Missouri: 
but it probably comes from the Rocky mountains. Thermal 
springs also occur on the western borders of Massachusetts ; and 
near Seneca falls in New York : and Dr. Daubeny considert 
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tlie mineral springs at Ballston and Saratoga as thermal ; like* 
wise numerous and abundant springs west of the Blue Ridge in 
Virginia, whose maximum temperature is 102^ F: in Bun- 
combe county, North Carolina, with a temperature of 125° : in 
Arkansas neftr the river Washita, 200 miles west of the Missis- 
sippi, where are not less than 70 springs with a temperature 
from 118*=* to 148°. Dauhenijs Sketch of the Geology of North 
America, Oxford, 1839, p. 69. 

Descr. The mineral resources of the United States and the 
British possessions have as yet only begun to be developed. 
The most important mineral m an economical point of view, is 
coal ; but the extent of our coal fields and mining operations 
has already been given on pages 62 and 331. Details respect- 
ing the brine springs df the western states and Upper Canada 
have likewise been presented on page 188. The coast of Mas< 
sachusetts and Maine furnishes a vast supply of beautiful gran- 
ite. Vast deposits of the most beautiful porphyry also occur in 
Massachusetts, and of serpentine and steatite in various states ; 
as well as inexhaustible supplies of primary and transition 
marbles. 

Descr. An extensive deposit of gold exists in the primary 
range of strata extending from the river Coosa in Alabama, to 
the Rappahannock river in Virginia. The metal occurs in 
veins of porous quartz, traversing gneiss, mica slate, and espe- 
cially talcose slate. It is found also in the detrital deposit cov- 
ering the rocks. Silver has sometimes been found in connec- 
tion with the gold, as well as lead and copper. Even as far 
north as Somerset in Vermont, gold occurs in the quartz tra- 
versing talco-micaceous slate : and probably it exists in the 
space intermediate between this place and Virginia. The value 
of gold sent to the mint from the gold region of the United 
States from 1823 to 1836, was 4.377.500 dollars; and it was 
thought that this was not more than one half of the actual pro- 
duct of the mines. 

Descr. In the northwest part of the United States occurs 
one of the most remarkable deposits of lead in the world. The 
rock containing it is the carboniferous or mountain limestone ; 
the same that is so rich in lead in Great Britain. The extreme 
length of this lead region, from east to west, is 87 miles, and its 
greatest breadth, 54 miles; covering about 80 townships, or 
2880 square miles. It lies chiefly in Wisconsin ; embracing a 
strip of eight townships in Iowa, and ten townships in Illinois. 
In 1839, it produced 30 million pounds of lead ; and is proba- 
bly capable of yielding 150 million pounds annually ; or more 
than is obtained in all Europe. Leaa exists also in considerable 
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quantity in other parts of the United States ; as in HamnAura 
county, Massachusetts, in Rossie, New York, &c. Dr, OwetCs 
Report on the Mineral Lands of the United States^ 1840. 

Descr. The same region at the west that yields the lead, is 
also rich in copper ore, which has not yet heen so extensively 
worked as the lead, for want of a market. At the Mineral 
Point Mines, however, upwards of a miUion and a half poands 
of copper ore have been raised. OweiCs Report^ p. 40. Great 
quantities of zinc occur also in the same region ; although neg- 
lected : — and the same metal is usually associated with galena 
throughout the country. 

Descr. Another remarkable deposit of copper exists in the 
western part of Michigan, on the south shore of Lake Superior. 
South of this district, masses of metallic copper have been found 
in the drift over an area of several thousand square miles. A 
single mass on the Ontonagon river, contains about four tons 
of copper. Dr. Houghton has recently ascertained that these 
fragments are derived from veins of native copper, with the 
gray and red oxides, carbonate, silicate, and other ores, travers- 
ing greenstone, amygdaloid, and an overlying conglomerate, 
very probablv a member of the new red sandstone series. 
These veins have not yet been explored at all : but will proba- 
bly be very rich and productive. Dr. Houghton! $ Report on 
th i G eolo :: v of Mich />« ». for 1 S 4 1 . 

Dtscr. Copper, both native and as ore. is common in the 
trap and new red sandstone in Massachusetts, Connecticut, 
New Jersey, Virginia. &c. ; but it has not yet been extensively 
explored. Tin has been found in small quantity in Massachu- 
setts. Connecticut, and New Hampshire ; but not in workable 
quantity. 

De<:r The deposits of specular iron ore in Missouri, are 
among the largest on the elobe. They are connected with por- 
phyry, and are separated from the metalliferous transition hme- 
stor.o of chat region, bv a deposit of granite with trap dykes, 
six luiles ia width. Pilot Knob, which rises 500 feet, is partly 
and the Iron mountain. 300 feet high, and '2 miles in circumfe- 
rence, is entirely composed of this ore. Vast deposits of iron 
oi« exist also in the northern parts of New York ; and suffi- 
cient for present use is found in almost every part of the coun- 
try. The primary regions of New England, j^ew Jersey, and 
Pennsylvania, abound especially in the magnetic oxide. In 
IS40, the quantity of pig and bar iron manufactured in the 
United States was S4. 1 36 tons. In Nova Scotia are valuable 
mines of iron. 

D^scr, The gems or precious stones of this country have aa 
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yet excited but little attention, because tbe expense of cutting 
tbem here is so much greater than in Europe. Hence we can- 
not say, in many cases, whether our localities will furnish ele- 
gant specimens or not. It may be well, however, to mention 
the most important. It has been often stated that the diamond 
has been found in North Carolina. Feutchtwanger' s Treatise 
on Gems, p. 67. The blue sapphire occurs in Orange county, 
New York, in New Jersey, North Carolina, and Connecticut : 
the chrysoberyl at Haddam in Connecticut, and in Saratoga 
county, New York ; the spinel, especially the blue variety, m 
Orange county. New York ; as well as in Massachusetts ; the 
topaz at Monroe in Connecticut, in great quantity, but coarse ; 
the beryl in a variety of places ; but pure enough for jewelry, 
at Royalston in Massachusetts, and at Haddam in Connecticut, 

}at the former place a rare variety can hardly be distinguished 
rom the chrysolite) ; the zircon or hyacinth in the northern 
gart of Vermont, in New York, in Canada, and North Caro- 
na * the garnet in almost every part of the primary region of 
our country ; and the pyrope especially, oi great beauty, at 
Sturbridge m Massachusetts : the cinnamon stone, a variety of 
garnet, at Carlisle in the same state : the green and red tourma- 
line, of great beauty, at Paris in Maine ; also at Chesterfield in 
Massachusetts ; limpid quartz at Little Falls and Faij^field in 
New York, and a multitude of other localities : the smoky 
quartz in a variety of places ; as at Canton in Connecticut, 
Wilhamsburgh and Brookfield in Massachusetts : the amethyst 
in Nova Scotia is very fine, and at Bristol in Rhode Island, and 
many other places : jasper in a great variety of places : horn- 
stone and cnalcedony of various sorts, forming agates, in the 
trap ranges of the eastern states, along the shores of Lake Su- 
penor, «c. ; chrysoprase at Newfane in Vermont : iolite at 
Haddam in Connecticut, and Brimfield in Massachusetts : adu- 
laria of various colors in Brimfield, Southbridge, &c. in Massa- 
chusetts : labradorite in Essex county, New York, and hyper- 
sthene at the same place : kyanite at Chesterfield in Massachu- 
setts : fluor spar in the northern part of New York ; Satin spar 
at Newbury, &c. precious [serpentine at the same place : red 
oxide of titanium at Middletown in Connecticut, and Windsor 
and Barre in Massachusetts. 

General Inferences. 

Inf; 1. It appears that the axes of all the principal chains 
of mountains on the globe, are composed of primary rocks, 
stratified and unstratified; while the secondary series lie upon 

29 
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their flanks, at a lower level ; and the tertiary strata at a still 
lower level 

/n/. 2. Hence a similar process of the elevation of conti- 
nents at successive epochs, has been going on in all parts of the 
world. 

Inf, 3. Hence there is every reason to believe that conti- 
nents once above the waters, have sunk beneath them, as those 
now above the waters were gradually raised: for since the 
quantity of matter in the globe has always remained the same. 
Its diameter cannot be enlarged permanently ; and therefore as 
one part rose, other parts must sink. 

Inf. 4. Hence the eeology of any district that embraces all 
the principal groups of rocks, affords us a type of the geology 
of the globe. This is what we should expect from the uniformi- 
ty and constancy of nature's operations ; and facts show that 
such is the case. 

Inf, 5. Hence we have no reason to expect, that new dis- 
coveries in unexplored parts of the earth, will essentially change 
the important principles of geology. Slight modifications of 
those principles are all that can reasonably oe expected from fa< 
ture researches. 
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A. 
Abyssinia, eeology o^ 323 
Act^olite Schist, 6&* 
Africa, geology of, 322 
— > . eastern and central, geology 

of, 323 
AgaWiz, work on fishes, 297. His 

classification of fishes, 131 
Agassiz, his work on Glaciers, 164 
, his Glacial Theory of Drift, 

213, 217. 
Age of rocks, how determined, 79 
Agency of man, 217 
Allegany Mountains, 331 
Alluvium defined, 34 
Alps, curved strata in, 38 
Alumina in the earth, 44, 45 
Alluvium, its lithological character, 57 
Alluvial Sandstone, conglomerate and 

Breccia, 55 
Algae, fossil, 106 
Aleutian islands, 231 
Ammonites in the strata, 101 

, sketch o^ 127 

Amazon, delta o^ 173 

America, geology of, 324. Westerly 

and ' Northerly parte of, their ceolo- 

gy,328. 
American geology, history o^ 298. 

GeologicalSociety, 299. Geologists, 

association of, ib. 
Amygdaloid described, 74 
Andesite described, 73 
Andesitic lava, 78 
Animals in the rocks, 115. Articu 

lated, 123. Ancient, many lost, 

162. Adapted to the changing con 

dition of the earth, 278 
Animalcule, living, 120. Fossil, 121 
Antarctic Continent, geology of, 3^ 
Anoplotherium, 143 
Annularia of Mansfield, sketch of, 

112 



Anthracite, where found, 47 

AntiguA, gcM^gy of, 327 

Antimony, its uses and position, 49 

Anticlinal axis, 33 ; 

Apothemite described, 55 

Apteryx, 217, 218 

Ararat, an extinct volcano, 241 

Arsenic, its ores and situation, 50 

Argillaceous strata described,. 64 

Artesian wells, 187 

Arabian writ^irs on geology 292 

Arabia, geology of, 3l2 

Asia, geology of, 312 

Asteroids nebulous, 265, 266 

Asphaltum, 185 

Astronomy, apparent discrepancy o^ 

with revelation, 289 
Avalanches, 166 

Augustine, his views of creation, 286 
Auvergne, extinct volcanos in, 239 
Augite rock, 73. Porphyry, ib. And 

hornblende, their identity, 68, 69 
Axis folded, 36 
Azores, 322 

B. 
Babbage on the propagation of heat 

258 
Bailey, Prof, his discoveries respect* 

ing fossil animalculse, 121, 122 
Baltic, its shores rising, 237 
Bannat, geology of, 311 
Barbary, geology of, 318 
Basalt described, 73, 74. Where 

found, 46. 
Bed of rock defined, 15 
Beaumont, Elie de, on the elevation of 

mountains, 156 
Beaumont's theory of elevation, S^ 
Beaches, how formed, 179 
Becquerel on metallic veins, 273 
Belgium, geology of, 307 
Belemnite, 128 



340 



INDEX. 



BdenmoMpia, iketeh of, 129 

Benerolence of the Deity proved, STB 

BeneUue on Soils, 237 

Bismuth, its ores, Ac., 49 

Bitumen, 54 

Birds, fiMsi], 140. Their trai^ 140, 

148 
Bone caTerns, 147. Ctcrem in Ver- 
mont, 142. Buckland's description 

o^ 141. 
Bones of the fiJIen angels, 5)93 
Borings for water, 187 
Boston Harbor, sketch in, 179 
Bowlders deaned^ 66. Thsirne,199. 

In Qtonoestev, lb. 
Bowditch, his opinioii on intenud 

heat, 257 
British America, ffeology o^ 999 
Bronsinart, A. Hk CMUMinration of 

locis, 40. On the tertiazy strata, 

57 
Bromis works, 297 
Bruce, Dr. A., his joonud, 298 
Buckland on metallic veins, 273 
Buffon's theory of the earth, 295 
Burnet's do., 294 
Bush, Prof, his exegeris of day, 284. 

Views of creation, 286 



Claystone ponhyiT; 
Clay, where found. 
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C. 
Galamites, sketch o^ 109 
Calcareous tufa, 53 
Camel, fossil, 145 
Cape May, worn away, 177. Eliza 

beth, light houses on, 179. Ann, 

liffht houses on, ib. 
Carbon in the earth, 45. Its vegeta 

ble origin, 49 
Caribbean islands, geology of, 327 
Cataclysm of the Egyptians, 292 
Catcott on the deluge, 295 
Cephalaspis, sketch of, 132 
Ceylon, geology of, 320 
Cluonbered shells, 126 
Changes improve the condition of the 

globe, 163 
Chemistry of geology, 43 
Chemical deposits, 58 
Chirotherium, tracks of, 157 
Chili, its coast elevated, 236 
China, geology of, 320 
Chlorite slate, 65 
Chlorine in the earth, 44 
Cipolin, 77 
Claystone, 72 
Claystones in clay, 19 
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Clay slate system described, 64 
Classification of rocks, 34. Princi* 

pies of) 42. 
Cleavage, 21 / 

Cleaveland, Pro^ his wcnks, 299 f 
Climate of Eurc^ whether changed, • 
218. Of eariy times tropical, 104. 
Ultra tropical, 105. GnduaUysunk, 
ib. 
Clinometer, 31 

Clinkstone, 72. pOTphyrTjib. 
Coal, its acfflimnlatinn, 272. Baan, . 
sketch o^ 4ft Measures, 68. In 
Great Britain^b. In the United 
States, ib. Where found in the 
rocks, 47. Its mode of occurrence, 
ib. Deposits of the U. States, 331 
Cobalt, its ores and situations, 50 
Coinddences between geology and re- 
vealed religion, 280 
Columnar structure, 74 
Comets, their nature, 265 
Comparative anatomy, its use, 85 
Compact felspar, 72 
Conifers and Cycadee, 112 
Coniferous plants in the rocks, 93 
Conchology defined, 126 
Concretions of Iron ore, 19. Concre- 
tions in unstratified rocks, 29. At 
Sandy Bay, Nahant, and Worces- 
ter, 30 

Connecticut river, its bed, 174. Val- 
ley, 176 
Constancy of Nature, 164 
Consolidation of rocks, 223, 224. Dr. 
Pownal, Vermont. In West Stock- 
bridge, Mass. Cornwall, Eng., and 
the coast of Asia Minor, 224 
Continents elevated firom the sea, 154 

At different times, 155 
Conybeare's classification of rocks, 39 , 
Coprolites, 134 ■ 

Copper, its ores and situation, 50 h 

Coral reefs, 219, 52, 53. Their ex- i^ 
tent, 219 [' 

Comean, 72 i 

Cosiguina, volcano o^ 228 
Cosmogony, hypotheses of, 292 
Cotopaxi, lava tnrown from, 230 
Cotta, Dr., on fossil foot marks, 151 
Craters defined, 29 
Crater of elevation, 229 
Creation, progressive, 281. Of six days, 
284,285. Numerous centers o^ ^ 
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Cretaceous system, 59. Of Egypt and 
United States, 90. Rocks of U. 
States, 334 

Crinoideans, 116 

Croatia, geology of, 311 

Crocodile, fossil, 139 

Crustaceans, fossil, 123 

Crust of the globe, derived from ani- 
mals, 163. Its thickness, 250 

Currents, oceanic, 180. Their velo- 
city and effects, 181 

Cuttle fish, 129 

Cuvier on the tertiary strata, 58. His 
works, 297 

Cyclas, sketch ofj 114 

D. 

Days of creation, supposed long pe- 
riods, 283 

Dathe, 286 

Daubeny, on thermal springs, 238 

Dead Sea, its origin, 229, S^ 

Death before the fall, 289. Results 
from the constitution of animals, ib. 
Penal in the case of man^ 290. 
Threatened only to man, 291 

Deer, fossil, 145 

De La Beche's classification of rocks, 
39 

Delos, 231 

Delta of the Mississippi, Rhone, Nile, 
Amazon, Ganges, &c., 173 

Deluge of Noah, 282. The supposed 
cause of most geological changes, 
293. Opinions concerning, 2&8 

Denmark, geology of 306 

Deposition of rocks, horizontal, 67 

Detritus of rocks, 172 

Diamond, where found, 48 

Diallage rock, 77 

Diluvium or drift, defined, 34, 55. 
Consolidated, 57. Its dispersion, 190. 
In Nova Scotia, 191. In Massa 
chusetts and New York, 191, 192. 
In the Western States, 192. In 
Europe and South America, 193, 
194. Organic remains in, 200 

Diluvial elevations and depressions, or 
Moraines, 194. Sketches of, 196. 
Valleys on Holyoke, 207. Sand 
and clay, 55. Ghrooves, 207. Agen- 
cy, 189. Action, first, second, and 
third theories of, 211, 212. Fourth 
do.ib. Fiahdo.214. Sixth do. ib. 
Seventh do. ib. Beneficial, 277 

DInotheriam, sketch of, 148 



Diorite, 73 

Dioritic porphyry, 73 

Dip of strata, 39 

Dipodichnites, 154 

Discrepancy, supposed between geolo- 
gy and revelation, 281 

Disturbances, geological, beneficial, 
276 

Divisional structures, 20 

Divine character perfect, 275 

Dodo, 217 

Doederlin, his views of creation, 286 

Dolerite, 73 

Domite described, 73 

Downs or Dunes, 179 

Drift wood, 223. Drift, 190 

Drongs on Jewell's Island, 178 - 

Dykes, 25. Of trap in England, 26b 
In Cohasset, Mass., ib. In Salem, 
Mass., 28 

D3rnamics of vdcanos, 229. Table 
of, 230. Of geological causes, 164 

E. 

Earth, its form, 14. Specific gravity, 
ib. Earliest condition, 265. Fu- 
ture destruction of, 281. Existed 
long before man, 2^ 

Earthquakes, their proximate cause, 
234. Their precursors, 235. Their 
effects, ib. 

East Indian Archipelago, geology ofj 
318 

Ecpyrosis of the Greeks, 292 
ypt, geology of, 320 
renberg, his discoveries, 87, 120 
, Xiocalities mentioned by, 314 



Elevation of strata, 32 

EUevations and subsidences, alterna- 
tion of, 159 

Elevation of continents, 155. Of the 
coast of Chili, 236. Of continents, 
the cause of, 254 

Elements in the earth, 43, 44 

Elephant in frozen mud in Siberia, 83 

Elk, Irish, 217 

Embossed rocks, sketch of 206 

Encrinites, 116 

Encrinal limestone, 62 

England, geology of, 304 

English channel, how formed, 177 

Eocene strata, 57 

Epoch, geological, defined, 55. Of 
elevation, 156 

Eraptions of volcanos, their numbw, 
2^. Phenomena of, 228 
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btn from, 230 
Eophotiile 
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Fallopio on omnk remains, 293 

Fault defined, 33 

Fems, 107 

Fingal** care, 75 

Fbcetone, €5 

Fkhe^l31. Their diitnbQlioii in the 

rtraU, 131, 1^ 
Fluorine in the eaith, 44 
Folded axk, 36 
Fool's ^, 50 
Fonnation defined, 93 
FdsrI feotmarkii, 14a 
^ view of, 153 
TfrnmUfnovtB rocks, their extent, 87. 

How deposited, BB, 89 
Fourier on heat, 251 
Fox, on metallic veins, 273 
Fracastoro on geolo^% 293 
France, geologj o^ 307, 306 
Fucoides, 107 
Fumerole "226 
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Synoptical 



Gabbro, 77 

Gait, GO 

Granges, delta of, 173 

Gangue of a vein, 270 

Gras springs, 189 

Gay Head, strata at, 58 

Guadaloupe, human skdeton from, 

224 
Groatimala, geologj of, 927 
Geino and geates, 221 
Gems in the U. States, 336, 337. 
Greognosy, 13 
Greogony, 13 
Greolog^ defined, 13 
Geological maps and sections, 82 
Greology and revealed religion, 280 
Geographical seology, 304 
Grermany, geology of, 310 
jfeysers of Iceland, dec., 224 
9iant'8 causeway, 76 
Qiaciers, defined, 164. Advance and 

retreat of, 167. Sketches of, 166, 

168, 169, 170 
Glacial theory, 213. Action, ancient, 

194. Period, 200 
Glacio-aqeuous agency, 189. On Holy- 

oke, 207. In the northern hem- 
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iGHobe, its eariy hypothetical state, 265 

jGrneisB, parphyntic, 67 

Gold, where found, 49, 50. In the 
United States, 335 

Goldfiias on petrifaotioiMB, S97 

Grorge defined, 33 

Ghranite, whero found, 46 

Graphite, where foond, 48 

Graphite slate, 65 

Granite described, 70 

Granite, poiphyritic and granite, 70 
Graphic of Goshen, 71 

Graywacke system described, 63, 64 

Graystone lava, 78 

GnSece, geology of, 312 

Greenland, its shores sinking, 237 

Greenstone, where found, 46. In 
Connecticnt and Massachusetts, 29. 
Deecribed, 72. Columnar, 74. And 
basalt, at GUant*s causeway and Ti- 
tan's pier, 75. At Fingal's cave, 
76. At Titan's piazsa, ib. Of 
Ro^ran county. North Carolina, 77. 
Of Hudson river, ib. Colunmar, 
thdr origin, ib. 

Green Sand, analysis of, 60. Use of 
in agriculture, 61. Description of, ib. 

Gres bizarre, 61 

Group defined, 32 

Gypsum, where found, 47. Sought 
in the wrong place, 51. How de> 
posited, 225 

H. 

Halloy's classification of rocks, 40 
Hebard, Rev. Story, specimens from, 

313 
Hensler, his ex^esis of the days of 

creation, 284 
Herculaneum buried, 228 
Hindostan, geolqgy of, 319 
Hippopotamus, fossil, 145 
Histoiy of geology, 291 



Holland, geology of, 307 

Hooke's theory of the earth, 294 

Hornblende rock, 72 

Hornblende slate, 65. HomUende 

and Augite identica], 68, 69 
Homitos, 229 
Homstone, 72 
Homstone porphyry, 73 
Horsly, his exegesis, 283 
Horse, fossil, 1& 
Hovey, Prof, on the W. Indies, 326, 

327 
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Human remains, 97. Skeleton in 

rock, 327 
Hummock on Holyoke, 907 
Hungary, geology of, 311 
Hutchinson's theory of the earth, 294 
Humus, SfiSl 

Hutton's theory of the earth, 295 
Hutton and Undley on fossil plants, 

297 
Hysna, fossil, 145 
Hydrate of iron, 52, 184. Of Mangar 

nese, 52, 184 
Hydrogen in the earth, 44 
Hypersthene rock, 72 

t 

Icebergs, 167 
Ice preserved by lava, 232 
Ichnolithology, 148 
Ichnolites classified, 153 
Ichthyosaurus, sketch of, 136 
Igneous agency defined, 226 
Iguanadon, fossil, 137 
Iguan, a sketch of, 138 
Inclination of strata, 30 
India further, geology o€, 319 
Infusoria, their skeletons, 87. In 
Massachusetts, &c., ib. Living, 
121. FossU, 122. Sketch o^ib. 
Insects, fossil, 122. 
Instability the means of stability, 279 
Intensity of geological agencies, 266, 

Internal heat of the earth, 246 
Internal heat, objections to, 261 
Interior of the earth, its stato, 2^, 

257 
Ireland, geology o^ 306 
Iron in the earth, 44. Its ores, 49. 

Pvrites, 50. In U. States, 336. 

Mountain in Bliasouri, ib. 
Islands volcanic, 231. Recent, ib. 
Italian writers, 294 
Italy, geology of, 309 

J. 

Jameson, ProC, his views of creation, 

283 
Japan, geology of, 320 
Joints definMr, 20. Their origin, 22 
Jorullo, volcanic, 227 
Jupiter perhaps covered by water 266 
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Kirauea, sketoh of, 234 
Knapp, his exegesis of the histoiy oi 
Creation, 285 

L. 

Labrynthydon pachygnathiu, Owen's 

sketch off 151 
Lakes, bursting of, 177 
Lamarck's hypothesis of traniiniit»- 

tion of species, 93 
Lamination defined, 15. Its origin, 

LaminiB of Gneiss, 15. Of day, 17 

Landslips, 165 

Lapiaz, or furrows, how formed, 171 

Lapland, geology of, 307 

Lava, where found, 46. Described, 
70, 78. Trachytic, ib. Augitic, or 
Basaltic, ib. Greystone, ib. Vit- 
reous, ib. Molten, its chtiaeter, 
232 

Lead, its ores and situation, 49 

Lead in U. States, 335 

Lebanon, Mt. geology of, 312 

Leibnitz, his theory of the earth, 293, 
294 

Lepidodendron, sketch of, 109 

Lester, on British shells, 293 

Lias described, 61 

Liebi^'s views, 221 

Lignite, where found, 47 

Lily Encrinite, sketoh of, 117 

Lime in the earth, 44, 45 

Limestone, where found, 47. Prima- 
ry, 66. Mountain, 62 

Lindley, Prof, on fossil plants, 297. 
His experiments on the preservatioQ 
of plants, 114 

Londongeological society, 297 

Ludus Helmontii, 20 

LycopodiaceflB, 108 

Lyell s classification of rocks, 39. 
His theory of ancient climate, 245. 
Of causes in action, 266. Objec* 
tions to internal heat, 268, 263 

M. 

Macculloch's classification, 38 
M aclure's map of the U. States 83 
Magnesia in tlie earth, 45 
Maipais, eruption in, 229 
Mammalia, 140. Fossil of U. Staiei, 
334 



Keith, his theory of the days of crea- Mammoth, sketoh of, 144 
tion, 283 iMan, when first appeared on the 
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••Tih, d7. The lait animal created J N. 

281 Naatilm, 196 

Man's geological agency, 317 Nebule, their nature, 265 

llanganeeo, its use and poeition, 49 Neckar on metallic veins, 273 
Blantell's cianification, 40 Nevado de Tohica, Tokanic, 228 

Ifaps geoloncal, 82. Of variouslNew EUigland, its waste, 177, 178 

countries, id. 
Marl, where fbund^ 46. AOuTial, 183. 

Its use and position, 53, 53 



Mastodon's teeth, sketch of, 144 
Matrix of a vein, 370 
Mattioli on organic remains 393 
Megalonyx, 147 
Megalosannis, 137 
Megatherium, sketch of, 147 
Mrauphyre, 73 



Melville Island, geology of; 328 

Mercury, where found, 50 

Mer de Qlace, 165 

Merrimack, its alluyial matter, 173 

Metallic veins, character and repletion 

0^270 
Metalloids in the earth, 44 
Metals in the earth, 44. Where 

found, 49. The mode in which 
* they occur, 50. Their distribution, 

Mexico, geology oi, 327 

Mica slate described, 66, 67 

Milton, his views of creation, 286 

Mineral waters, 187 

Minerals defined, 13. In the rocks, 

45. Useful, their situation in the 

rocks, 46 
Mines, temperature of) 247 
Miocene strata, 57 
Mississippi, delta of, 173 
Mitchell, Dr. S. L., 298 
Mollusca, livin^f, 1*25 
Monadnoc, strutted rocks upon, 205, 

embossed rocks upon, 206. Has 

been scarified, 202 
Monkey, fosul, 145 
Moon, volcanic, 265 
Moraines, recent, 167. Ancient, 194 

In Truro, 195. In Amherst, and 

N. Adams, 196. At Monument 

Mt. 197 
Mosaic account of creation, 282 
Mososaurus, 136 
Mosses, 107 
Mountain limestone, 62 
Mountains, 14. Of Europe elevated 

at different epochs, 156 
Murchison's classification, 41 
Muschelkalk, 61 



New H(Jland, ffeology of, 381 
New Red Con^bmerate, 61 



Niagara fidls and rirer, 176 
Nicaragua, Tolcano in, 233 
Niger, delta o^ 173 
Nik, deUa of. 173 
Nitrogen in the eart]v44 
Norway, geology o^ 307 
Nova Se<^ ita waste, 177, 178 
Nubia, gfiology of, 332 
Nummmite, uetch of, 129 

O. 

Obsidian, 78 

Ocean, its depth, 14 

Ocean, its geological agency* 177 

Old red Sandstone, 62 

Omalius D'Halloy's classification of 
rocks, 40 

Oolitic system described, 60 

Ophicalce, 77 

Ophiolite, 77 

Ophite, 77 

Order of creation, table of, 96 

Organic remains described, 83. How 
preserved in the rocks, 84. Deter- 
mined, 85. Classification of| ib. 
Mostly marine, 86. Amount of in 
the rocks, ib. Height of above the 
sea, ib. Distribution o^ 87. In 
different formations, 89. How far 
they identify strata, 91. Tabular 
view of, 92. Vertical range of, 98. 
Compared with living species, 102. 
Numoer of species of; 103. Tropi- 
cal in high latitudes, ib. Descrip- 
tion of particular species of, 106. 
Not contemporaries of existiDg spe- 
cies, 159 

Omithichnites, 150 

Orinoco, delta of, 173 

Ornithoidichnites, sketch of) 151 

Orthoceratites, sketch of, 128 

Oryctology, 83 

Qx, fossil, 145 

Oxygen in the earth, 44 

p. 

Pachydermata,. extinct, 143 
Paleoniscus, sketch of, 134 
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Palaontological clasrifieatioii, 41. 
Chart, 101 

Paleontology, 83 

Palaotherium, sketch of^ 143 

Palestine, geology of, 313 

Palisadoes, 77 

Pallas, on geology, 295 

Papandayang, volcano of, 329 

Parker, Rev. Mr. his tour, 335 

Parrot, his objections to intemtl he«t, 
262 

Patrick, Bishop, his views of creati<»i, 
286 

Pear encrinite, sketch of, 118 

Peat, 47. How formed, 821. Ana- 
lysis of) 223 

Pegmatite, 70 

Pele's hair, or volcanic glass, 79 

Pentacrinite, Briarean, 117 

Peperino, 78, 79 

Period geological defined, 55 

Periods of geology, long, 161 

Periods of organic being on the globe, 
94 

Perkins, Rev. Justin, specimens from, 
318 

Persia, geology of, 317 

Petrifaction, its nature, &e, 84. Re- 
cent, lb. 

Petroleum, 185 

Petrosilex, 72 

Phillips, Prof John, his classification 
of rocks, 40. Unstratified do. 69 

Phonolite, 72 

Physico-theological school, 294 

Pic, volcano of, 229 

Purgatories, of Newport, R. I., 179 

Pitch lake in Trinidad, 185, 327 

Pitchstone, 78 

Plans of the Deity as dxown hj ged- 
ogy»379 

Platers's giant, 293 

Platinum, where found, 49 

Playfair's illustration, 2d6 

Plesiosaurus, sketch of, 136 

Pliocene strat8^ 57 

Plot on organic remains, 293 

Plutonic rocks, described, 70 

Po, delta of, 173. Embankments on, 
218 

Poisson's objections to internal heat, 
264 ' 

Polai^d, geology of, 311 

Polynesia, geology of, 321 

Polyparia, agency o^ 218 

Polypi or Pdyparia, sketch of, 119 { 



Polypodichnites, 153 

Pc^thalamia chalk, fi>Tm&ti<»Mi in, 
From Pyramid of Cheops, 8l4b 
West side of Anti-Iibanus, ib. Of 
near Damascus, ib. Of Mount of 
Olives, ib. Of Beyroot, ib. 

Polythalamia chalk, sketches by Pra£ 
Bailey, 315, 316. 

Pompeh buried, 229 

Pqpocatapeti,233 

Porphyry desqibed, 12, Fyrazcnic, 
73. where found, 46 

Portugal, geotogy^o^ 309 

Potassa in the earth, 45 

Predous stones in diluvium, 57 

Primary conglomerates, 58. Plutonk 
rocks, 80. Rocks defined, 35. D»> 
scribed, 64. Their oiigiA, 357 

Producta, sketch of, 130 

Protoigne, 64 

Provicfence of Grod over the world, 27S 

Provinces Botanical and Zoological, 

Pterodactyle, sketch of, 139 
Pyroxenic Porphyry, 73 
Pythagoras, his views of geology, 293 

a 

Gtuaquaversal dip, 34 
Gtuartz Rock, 65 

R, 

Radiata, 115 

Raindrops, impression of on stonei 
152 

Ray's theory of the Earth, 394 

Recent Plutonic rocks, 80 

Red River Raft, 223 

Red Sandstone, 61. Of I^va Scotia, 
N. Englaod, New Jersey, ^Ise. 333 ^ 

Reptiles, 134 

Rhmoceros, fossil, 145 

Rhone, delta of, 173 

Rivers, their agency, 172 

Robinson, Dr. on the cities of the 
plain, 241 

Rock salt described, 54. In Persia, 
ib. Where found, 47 

Rocking stones, 56. InBanre, ib. la 
Fall River, ib. 

Rocks, chemical composition of, 43, 45. 
Defined, 13. How worn down, 
172. Primary, stratified, their ori- 
gin, 257, 259. Useful, their situa- 
tion in the earth, 46. Embossed, 
306 
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Boeki, itriided, 170, 171, 90S, 903 
Roman cement, 90 
RoMt'i dMMiks&tionl 40 
RoMia, geology erf; SfU 

fkMana, fiiMil, 134 

Benroidkhnitai, 150 

8elifflioiui f^item, doMiibed, 61 

Salt rock, ita origin, 996. In Siberia 
and Mexico, ib. Salt iprtng^ 188 

Sandwich islanda, Toteanic, 9^ 

Saturn covered bj a fluid, 966 

SameiiTe on the Alpa. 905 

Seheuchier on fiMnl nrtMS, S98 

fiohoob of minea, 995 

Selavonia, geology o( 311 

Scoipkm, fiMil, 193 

Scotbind, geology o^ 305 

Seali, their number, 918 

Seam defined, 15 

Secondary Plutobic rocks, 80. Se- 
condary rocks defined, 35. De- 
scribed, 69 

Section, ideal of the earth's crust, 93 

Sections geological, 89 

Sedgwick on metallic veins, 972 

Sed^ick's classification of rocks, 41 

Sedmientarv rocks, 58 

Septaria, 90 

Strope's classification of unstratified 
rocks^ 69 

Serpentme, 66^ 77. Where found, 

Seybert, Dr., 298 

Shark. fbssU, 132 

Sharrs tooth, sketch of, 133 

Shells, chambered, 126. Microscopic, 

87. Tlioir vertical rati^ in the 

strata, 100. The number of living 

and rossil, 103 
Siberia, geology ot^ 318 
Syenitic greenstone, 73 
Syenite described, 70. Where found, 

46 
Sigillaria, sketch of, 110 
SiRca in the earth, 44, 45 
Siliceous Mari, 53. Sinter, 53, 184 
Silliman, Prof, his journal, 298, 999 
Silurian system described, 63 
Silver, where found, 50 
Simple substances in the earth, 43 
Siniate, 73 ^^ 

Sinter, siliceous, 184 
Sivatherium, 145 



Skaptar Jokul, quantity of lava thnmn 
from, 930 

Skiddan, system ot, described, 64 

SUme pits near the Dead Sea, 941 

South, Dr. J. P. his views of creation, 
987 

Smith. Wm., hb labors, 996 

Soda m the earth, 45 

Soil, its eonmositiini, 52 ' 

Soils, a proot of divine goodaesn, 970 

Solfittara defined, 996 i 

Somna,929 ^ 

Sooth America, geology o^ 329 

Southern Afirica, geology o^ 393 

Soworby, on ibasirshellii, 997 

Spain, geoktgy of, 308 

Spedes had once a wider range, 89. 
Their distribution, &c., 90 

S{Hden, IbssU, 193 

Spirifer, sketch o^ 130 

Spirula, 127 

Springs, sas, 189. Phenomena of, 
185. Salt in the United States, 
188. Their origin, ib. 

St. Croix, geolw of, 327 

Stabile buned, ^» 

Steatite of N. England, 66 

Steneosaurus, 139 

Stigmaria,- sketch of, 111 

Strabo on geology, 292 

Strata bent, 18. Elevation of, 39. 
How identified, 91. Overturned in 
N. England, 36. In the Alps, 35. 
Their thickness, how known, 67. 
In England, 86. Europe, 67. Penn- 
sylvania, ib. Tauris d8 

Stratification, defined, 15 

Stratified rocks, deposited firom water, 
58 

Strike of strata, 30 

Stromboti, 232 

Structures in rocks, how caused, 22 

Subsidence on Columbia river, 2^, 
Other cases, 237 

Subterranean forests, 113, 237 

Sulphate of Lime, deposited firom wa- 
ter, 52 

Sulphur in the earth, 45 

Sumabawa, eruption in, 228 

Sun, its present supposed state, 265 

Superposition of tossiliferous rocks, 
fc. Primary, ib. 

Survey, geological, of Arkansas, 300. 
Of ConnecScut, 301. Of Del*- 
ware, 302. Of England, 303. Of 
France, ib. Of Georgia, 302. Of 
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Indiana, ib. Of Iowa, 303. Of 
Kentucky, 302. Of Maine, 301. 
Of Massachusetto, 300. Of Mary 
land, ib. Of Michigan, 302. Of 
New Jersey, 300. Of New York, 

301. Ofmrth and South Carolina, 
299,300. Of Ohio, 301. OfPenn- 

• sylvania, ib. Of Rhode Island, 

302. Of Tennessee, 300. Of the 
Erie Canal, 303. Of Virginia, 301 

Sweden, geology of, 307. Its shores 
rising, 237 

Switzerland, geology of, 310 

Synclinal axis, 33 

Syria, geology o^ 312 

Syria and Palestine, limestone from, 
314 

System of things the same in all 
ages, 275. Present had a beginning, 
ib. 

Systems of elevations, 157. Of or- 
ganic h&ngB on the globe, 275 



T. 



Tacosa, volcanic, 228 

Talcose, slate, 65 

Tartary, geology of, 318 

Taylor, Jeremy, his views of death, 
291 

Teieosauri, 139 

Temperature of thejglobe from exter- 
nal sources, 2477 Internal, do., 
246 

Terebratula, sketch of, 130 

Terrain defined, 32 

Tertiary strata, defined, 35. Describ- 
ed, 57. Plutonic rocks, 80 

Tetrapodichnites, 153 

Thermal Springs, 238, 248 

Thibet, geology of, 319 

Tides, their geological effect, 188 

Time, geological and chronological, 
97,98 

Titan's pier, 75 

Toadstone, 74 

Toads preserved in rocks, 83 

Tortoises, fossil, 140. Tracks of, 149 

Totten, lus experiments on the expan- 
sion of rocks, 255 

Trachyte described, 73 

Trachytic lava, 78. Porphyry, 73 

Tracks, human, 152. Of animals^ 
149. How preserved, 152 

Transition rocks, 35 

TrantylYania, geology of, 311 



Trap rocks, 72. West of Bockj 

Mountains. 77. Tuff; 78 
Travertin, 53. How filmed, 183 
Tree ferns, 106 

Trilobites, fossU, 123. Sketch 0^195 
Trinidad, pitch lake in, 185 
Tufiiceous conglomerate, 78 
Tuff; 78. Vokanic, ib. , 

Turkey, in Asia, gedogy, 3ld. In 

Europe, ib. 

U. 

Ulodendron, sketch of, 110 
UnifiMnnity of nature, 161, 164 
United States, geoloey of, 319 
Unstratified rocks, 15. Lithologieal 
character of, 68. Of igneous ori- 
gin, 242, 243. Their fusibiUty, 79. 
Their mode of occurring, 24 



V. 

Valley of the Mississippi, geology o^ 

«5«51 

Valleys, how formed, 33, 276. Of de- 
nudation, 174. Of elevation, 176. 
Of subsidence, ib. Of the Con- 
necticut, 175. Terraced, 174. 
Transverse and longitudinal, 173 
Variegated marl described, 61 

Vegetabfe life when begun, 94. Re- 
mains, 95. In the newer strata, 
97. In the carboniferous strata, 
95 

Veins defined, 24. In Beverly, 27. 
In Chester, 30. In Cohasse^ 27. 
In Colrain, 29. In Conway, ib. 
In Cornwall, Eng., 25. In Salem, 
28. In TVesthampton, 26. Me- 
ittlUc, their width, 270. How filled, 
272. In Cornwall, sketch o^ ib. 
Most productive near unstratified 
rocks, 271. Rocks traversed by, ib. 
Of injection, 26. Of segregation, 
25. Their relative age, 26. 

riUarica, 233 

Volcanic action, defined, 226. Hy- 
poUiesis of 252. As^cy beneficial, 
278. Breccia, 78. Craters, ancient, 
241. Glass of Sandwich Islands, 
79. Power, its seat, 235. Tuff; 78 

Volcanos central, 287. Extinct and 
active. 227. 239. In lines, 226. 
Products of, 79. Submarine and 
srial, 226. Their number, 229. 
I Von Buch on Cratem, 229 
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W. iWhitennday Isle, sketch of, 330 

W«dce datcfibed, 74 [WoodwardVi theoiy of the earth, 294 

Waxd, Dr. on fiMsfl ftotmailu, 157 World had a begiimuig, 275. Its 



■uppoaed etendty, 274 
Z. 



Water, its diitribation, 276 

Watt's experiments on Basalt, 77 

Wa^Ba, tbeir eflfect, 177 

Weaver's Bfr. obsCTratorf , 314 iZeehstein, 61 

Wells artesian, 186 Znie, its ores and situation, 49 

Wemef's Theory of the eazih, 996. Zjophytes, their Tertical range in the 

OfWfais,S79 8tr«U,98,99 

West Afinca, geolosj o^ 9B8L Ib&sJ 
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